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GIK 625.03

Upuna NMOJIELLYK
Irina V.POLESHCHUK

Anekcanpp KOFAH
Alexander Ya. KOGAN

ABTOpPamMu npeasioxXeH aHaInTU4eCKNn
MeToA OLeHKU yPOBHSI BUGpaLuu nyTu

W, B YaCTHOCTU, BUOGPOYCKOPEHUIA LUMasibl
NPy NPoOXoXKaeHnu rnoe3aqa co CKOpPoOCTIMU
cBbiwe 500 km/4. B pacyeTHo cxeme
Yy4YTEHO AeMripupoBaHne NMyTu KaK
6ecKkoHe4HOI 6asIkv1 Ha YrpPYromM OCHOBaHUU.
lMpuBeneHbI anropuTm U pe3ybTaTbl
YUCJ/IeHHOro pacyerta Bubpauwii npn
CKOPOCTSIX ABVKEHUSs] SKUMaXka B 30He
YCJI0BHO-KPUTU4YECKOIM CKOpPOCTHU (Korga

B MoZesIn, He YYUTbIBAIOLLIeV paccessHns
BHepruu B nyTu, MPOrHO3upyeTcsl
BO3HUKHOBEHUEe Kosie6aHnii HeorpaHu4yeHHO
6osbLUOV amnnTyabl). MokasaHo, 4To

NPy ABWXXEHUM 1noe3aa co CKOPOCTLIO,
PaBHOW yCJIOBHO-KPUTUYECKOW — rnopsiaka
500-600 km/4, BUGPaLn 4OCTUraloT
MaKcuMyMa BO BCeM 4YaCTOTHOM Auarna3oHe.
PeLueHus nosy4eHb! AJ1s1 LLUPOKOIo CriekTpa
yacrtor ot 16 go 32000 'y B ABeHaguaTn
OKTaBHbIX M10J10Cax B AeLnbenbHO LuKase.

KntoyeBble cnoBa: xenesHas 4opora,
BMOpaLms LLINasibl, BbICOKOCKOPOCTHbIE
rioesga, Kputn4eckasi CKopoCTb, OKTaBbl
4YacTOT, CrEeKTPasibHbIe MNJI0THOCTY, AeUnOebl,
aHaJINTUHECKNI METOL, YACJIEHHBIVI PACHET,
kpuTepwii lypBuLa, npeobpa3oBaHys ypee.

® MUP TPAHCNOPTA 04°14

BOIPOCHI TEOP

OueHka BuOpauum nytum
NP BbICOKUX CKOPOCTHAX
ABUXeHUs

Koean Anexcandp Sxoeaeeur — 0okmop mexuuueckux
Hayk, npogheccop, ena8HbLI HAYHHbLIL COMPYOHUK
omaenenus «[lymv u nymegoe xo3siicmeo»

OAO «BHHHXT>, Mockea, Poccus.

Tloaewyx Hpuna Bacuaveena — kanouoam
MeXHUYecKux Hayk, 0ouenm Kagpeopsi
«Cmpoumenbcmeo ycene3nvix 0opoe, MOCHO8

u mpancnopmubix monHeaeil» Poccuiickoil
omkpuvimou akademuu mparcnopma Mockosckoeo
20Cy0apcmeeHH020 yHUugepcumema nymeti coOo0useHusl
(MHHUT), Mockea, Poccus.

KOPOCTH IBUKEHMSI BHICOKOCKOPOCT-
HOTO TPAaHCITOPTa HEMPEPHIBHO YBe-
JuuuBatoTcsa. Eciu cpaBHUTEIBbHO

HenaBHO 300—350 KM/4 BBITJISIACNIM BechbMa

BBICOKMMMU, TO CEMYAC CTABUTCSI BOIIPOC O TOM,

YTOOBI JOCTUYb HAa POCCUMCKUX KEJIE3HBIX

noporax ypoBHs 400—450 xm/4. B cBsi3mn

C 3TUM BO3HMKAET 3a7aya OLICHKU BUOpaLu

ITyTH TIPU TaKKX U OoJiee CKOPOCTSIX.

ITpoGiemam aHATUTUYECKOM OLIEHKU YPOB-

HsI BUOpaIMU TYTH IO TTPOXOASIINMU TOe-

3namMu, c(hOpMUPOBAHHBIMU U3 OTHOTUITHBIX

9KUITIaXeH, mocBsieHa ctaThs [1]. B Helt mpu
onpezaeaeHUN (pOpMbI KpUBOIA M3ruba pesbca

HCITIOJIb30BaJIaCh MOJIENIb, B KOTOPOM C 1IEJIbIO

YIPOILEHMS PEIICHUST HE YUUTHIBAJIOCh pacce-

sTHUE 9Hepruu. PerieHust, mojrydaeMbie B 3TOM

cityvae, sIBJISIIOTCS JOCTaTOYHO TOYHBIMU TTPU

CKOPOCTSX ABUXKeHUS akunaxeit 1o 300—

350 xm/4. [Ipu ckopocTtsx cBbimie 500 kM/4

U TIpeHeOpeKeHN U IeMIIcbpoOBaHNEM CHCTEMa

MOXET CTaTh HEYCTOMYMBOM, a PellIeHUs CTa-

HOBSITCSI HEOTpaHWYeHHBIMKU. DaKTUYECKU

SHeprus B cUcTeMe Beeraa paccenBaetcs. [1pu

5TOM BOJIM3U CKOPOCTH, KPUTUIECKOH B CITydyae

OTCYTCTBUSI ieMITrpoBaHus (YCIOBHO KPH-

TUYECKOI), CIIEAYyeT OXUIaTh MOBBIIIEHHBIX

JIUHAMUYECKUX 3 HEKTOB.



H3BecTHO, uTO BO PpaHLIMKM HAa BICOKO-
CKOPOCTHOI JIMHUM ObUIa peajr30BaHa CKO-
pOCTb ABVKEHUS 574 KM/4, KOTOpasi, 110 Ha-
LM OLIEHKaM, IIPEBHIIIACT YCIOBHO-KPUTH-
YECKYIO.

B o01iem cirydae ¢ yueToM nemIipupoBa-
HMSI IIPOru0 HEMOABMXKHOM TOUKH pejibca MpU
IIPOXOJie Yepe3 CeYeHUe MYTU eIMHUIHOMI
BepTUKaJbHOI cuibl Q = 1 co ckopocThio V'
onuchiBaeTcs nuddepeHIalIbHbIM YpaBHe-
Huem [2]:

d‘z° d’zZ°
EIl—F +(N"+m;’V2)—2" -
" du du 0
0 dZ: 0 [
VIRV =0,

KOTOpOE CITpaBeUIMBO Be3lle, KpOMe TOUKHU
TPUJIOKEHMS CUJIbl Q = 1, TIie TepITUT pa3phiB
TPEThs TPOM3BOIHAS OT BEPTUKAIBHOTO ITPO-
ruba peibca.

B ¢popmyiie (1) BBeneHbI clieayroline 000-
3HAYCHUSI:

E — Moy ynpyrocTyl peibCOBO# CTaNM;

I} — MOMEHT MHEpIMU pesibca OTHOCU-

TEJIbHO TJIABHOM ITONEPEYHON TOPU30HTANb-
HOW ocH y;
Z, — BepTUKAJIbHBII IPOTUO PENIbCa;

U — pacCTOsSTHUE JIBUXKYIIENCS CUJIBI
OT paccMaTprMBaeMOro HEMOABHKHOTO ceve-
HMUSI peJibca;

N’— nipofioJibHas CUJia B PeJibCe;

m;] — pacrpeeneHHas 1o JUIMHE TPUBe-

JIEHHAs Macca peJibca M OCHOBAHUS IIPU BEp-
TUKAJIBHBIX KOJIEOAHWAX TTyTH;

J; — pacnipeneneHHoe 1o [UTHe AeMIibu-
pOBaHMe IyTH MTPU BEPTUKATBHBIX KOJIEOAHN -
X

U? — Momynb yrpyroctu moapenbcoBoro
OCHOBaHUS B BEPTUKAIBHOM IJIOCKOCTH.

XapakTepucTuueckoe ypaBHeHUue 1udde-
PEeHLUATBHOTO ypaBHeHUs (1) monyyaer BUI;

4 o172
s N+mlVo

r———r -
EI°
UV UU
L st =0 2)
EI° EI

Tak kak Bce KOa(p(PUIIMEHTH YpaBHEHUS
(2) meiicTBUTEIbHBI, OHO MMEEeT BE Maphbl
KOMIIJIEKCHO-COIPSIXEHHBIX KOpHeH
n =", r,=r,. [Ipumenss kpurtepuii [ypBuiia

K ypaBHEHHIO (2), MOXHO I0Ka3aTh, UTO JBa
€r0 KOPHSI IIPEACTaBISIOT CO00i OTpUIIATE b~
HYIO IeMiCTBUTEIbHYIO YaCTh, a IBa APYTUX —
MOJIOKUTEIbHYIO.

TTpumem 151 onpeneIeHHOCTH
Rer, <0; Rer, <0; Rer, >0; Rer, >0.

B ceuenuu nox ABMIKYyILIECS CUIION MTPO-
rub peJyibca, yroji MoBOpPOTa CEYSHUST U U3TH-
OalolMit MOMEHT SIBJISTIOTCS HEIPEPBhIBHBIMU
(GYHKIMSIMM abCUMCCHl U , a ToTlepevyHas
CHJIa IIpeTepIIeBacT pa3phbiB CO CKAYKOM, PaB-
HBIM BHeIIHeH enrHmaHOM cte O = 1. C yue-
TOM BTHX TPAaHUYHBIX YCIOBHU pelIeHUE
ypaBHeHus (1) mpumMeT BUI

A e sinfu+ A,e ““cosPu

. npuu > 0;
Zl’ (u) = A au - au
L. sinf,u+ A,,e“cos f,u 3)
npuu <0,
rae
o :|Rerl ;0 :|Rer2|;,81 :|Imri|;,31 :|Imr2|.

KoapdpuuneHTs! Aij (i j=1,2) onpenensi-
I0TCSI TaK:

1 c 1 D
Ty M Ty Moy
y -1 y M

y 1 F_. 1 G
yﬁ2 + yﬂ2 +

C:(a1+a2)2—,b’12+,6’22; D=-2p(a +a,);

F=(aq+a,) -+ G=2p(a+a,).

Ecnu B MomeHT BpemeHu ¢ = () iBUXKy111a-
sicst equHUYHAs cua Q = | HaxomuTes B ce-
YEHUHU HaJ paccMaTpUBaeMOW LIMAJOH,
nporud peabca B 3TOM CEYEHUU B MOMEHT
BPEMEHU 7 OTIPENIEIIeTCS CAeIYIOLIMM BbIpa-
XKEHUEM:

—A e'sinBVt + A,e™" cos BVt
nput <0;
—A, e sinB,Vt + A,e " cos BVt
nput>0.

z3()-

(4)
31ech UCMOJIb30BAIOCH OUEBUIHOE COOT-
HouleHue # =—Vt. B yacTHOM ciyyae npu
OTCYTCTBUM PACCESTHUSI 9HEPTUM B CUCTEME
(f? =0) xapakrepuctuueckoe ypaBHeHue (2)
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BBIPOXKIaeTcs B OukBagpaTHoe. Torma mporud
HEIOABMXHOM TOYKU pejibca MPU IPOXoje
eIMHUIHOM BepTUKaNbHOM criibl Q = 1 onpe-
JIEJISICTCS BhIPAXKEHUEM:

70 (l‘) _ exP{_aVM}
’ 4EI) (o’ + B )ap
-(asinﬁV|t| + ,BcosﬂVt),

(5

rae

Kz
a= ~ =
4EI
v
+
AEI

Bubpauuu rmytu npu mporu6e pesibca Mmoj
JIeicTBUEM eIMHUYHOI cribl Q = 1 paccmo-
TpeHbl B cTaThe [1]. Kak yXe yka3bIBaioch,
peleHMsI, ToJlydaeMble ¢ MCIOJIb30BAHUEM
dopmyIsl (5), IBISIOTCS TOCTATOYHO TOYHBI -
MU TIPU CKOpOCTIX skumaxein go 300—
350 km/4.

TIpn GoNbIINX CKOPOCTSX ABVMXKEHMST HE-
00X0IMMO YYUTHIBATh TO, YTO IIPU OTCYTCTBUU
nemnduposanus B cucteme ( f; =0) u cko-

poctu 1
V = \/—0
mz

CHCTEMa CTAHOBUTCSI HEYCTOMYMBOM.

JeiiCTBUTEILHO, B 9TOM CJIydae MMEeeM
a=0, u pemieHue (5) MpuoOpPeTaAET HEOTPAHU -
YEHHBII Xapakrep.

OnpenenuM criektp Oypbe GyHKINN (4).
B otnuuue oT pyHkLuM (5) oHa HECUMMeE-
TpUYHA OTHOCUTEIbHO TOUYKH = (. DTO 00-
CTOSITENILCTBO 1aeT CrieKTpy Pypbe KOMILIEK -
CHOCTb, OH BKJIIOYAET HE TOJIHKO KOCHUHYC-
npeobpa3oBaHue, HO U CUHYC-TIpeoOpa3oBa-
Hue ®ypre GyHKLINU (4).

BbrunciauM cHavyaia KoOCMHYC-TIpeoopas3o-
BaHus Pypbe GyHkIMY (4). O4eBUIHO, OyIeM
UMETh

N°+mlV?
4EI0

N°+mV?

p= 4EI"

(2JEr07 - N

@, (

¢

0
w)=-A, Ie“‘”sinﬂllftcoswtdt -

0
+A4, J.e""V’cosﬂIVtcosa)tdt -

—A,, Je"’z"’sinﬁZVtcosa)tdt +
0

©

+4,, J'e’“zy’ cos 3,Vicoswtdt.
0
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MeHsia B TIepBOM 1 BTOPOM HMHTeTrpajax
MepeMEeHHYIO f Ha —f W TIPOM3BesT MHTETPH-
poBaHUe, MOJYIUM CIACAYIOIINI pe3ynbTaT:

M[afw +(,b’1V+a))2T +
()= > Ay +

V- _
+ﬂ1—2w[ale2 +(BV —w)zJ
-
aV [a12V2+(ﬁ1V+a))2J +
) (e
+[0512V2 +(BV + ) ]
&;w[afw +(BV + a))z_i1 +
| V- L [
+ZT[0422V2 +(BY -o)
51
Ly [+ (py -o) | + )
— 22°
2 +[a22V2+(,32V+a))2] I (6)

Borunciaum terepb CMHYC-TIpeoOopa3oBa-
Hue Pypbe GyHKINT (4):

0
D (w)=-A4, Ie"’"”sinﬂ, Visinotdt
0
+A4, J e cos B Visinordt -
-A, je’“zwsin B, Visinotdt +
0

+A4,, I e " cos B, Visintdt.
0

MeHss B IepBOM M BTOPOM MHTeTpaiax ¢
Ha —! ¥ IPOM3BOISI MHTETPUPOBAHUE, TTOJTY-
YUM:

P, (w)= aV [ HAY -o) ]_1_
i 2 -[ +(BV +o0) }1
—ﬂ'V;‘"[asz (ﬁlez]l

|2l wy

— an |: (IBZV w T A21+

2 vy o)



BV +o
2
[P

L gy s (py-of | O)

KowmrutekcHbrit criektp Pypbe GyHKIIUU
(4) nmeeT BUI
@ (0)=0, (0)+i®, (o), ()
e i =v—-1 — mHumas exunmLA.

OrnpeaeanM MIOTHOCTh CITEKTpa KBajpaTa
npouecca Z, (t) , BOBHMKAIOILIETO B [TyTH MIPU

[aszz +(BV + m)ZT -

npoxoje ciaydaiiHoi cuabl Q (f), cpeaHuii
KBajapaT KOTOpou

2 2 2
Q" =0’ +oy, )
rae Q — cpenHee 3HaueHue cunbl Q (7); 0, —

CPC€OHEKBAAPATUYECKOEC OTKJIOHCHUEC 3HA4YC-
HUA CUJIBI OT CPEAHETO 3HAYCHUA Q

IMapameTpel Q M 0, MOTYT OBITH ONIpeIe-

JICHBI TP PACCMOTPEHMU TIPOLIECCOB B TOJI-
BUXKHOI, CBSI3aHHOM C AKMIIAXEM CHCTEME
KoopauHar [1].

C yyetom bopmyi (8) 1 (9) criekTpaibHast
IJIOTHOCTh KBajpaTa MpOorudoB pejibca CBO-
JIATCS K BbIPAXKCHUIO

5:(0)=(0"®, ()P, (w)=
(0)(® () + D2 (),

rae CTDZ (®) — DyHKIIMS, KOMITJIEKCHO-COIIPSI-
KeHHast ¢ pyHKuuei @ (o).

B Beipaxkenuu (10) Bennunna Q? HAXOAUT-
cst hopmyiioii (9), a pyHkmn @_(0)ud _(w)—
dopmynamu (6) u (7).

[TpymMeM, 4TO MPY ITPOXO/IE SKUTIAaXKa Yepe3
(ukcupoBaHHOE CEUYEeHME TYTU BCE €ro OCHU
repenaoT Ha PeJIbChl BEPTUKATbHBIC CHIIBI

C OJHMMHU U TEMU XKE€ CTaTUCTUYECCKHMMMU Xa-
PAKTCPUCTUKAMMU:

(10)

N

1 1 ¥
Q=WZQ/»; o, ZNJZ::P—ZJ )

J=1

an

I1e j — HOMep ocU 3KuIaxa; N — obiiee Ko-
JIMYECTBO OCEil B AKUITAXKE.

B paccMaTtprBaeMoM citydyae poruo peib-
ca ompeessaeTcsl CyMMOM TpOruboB OT OT-
JIeIbHBIX CUJI, CIBUHYTHIX 110 (ha3e 10 OTHO-
IIEHUIO K MEPBOIA TTO X0y JBVXKECHUST KOJIe-
cHoii mape (puc. 1).

Ha puc. 1 BenuunHa X — abclucca TeKy-
IIEro CeYeHUsI peibca, OTCYMThIBaeMasi

Q: Q: Q3 Qn

S

az

as

an

Ve

Z 0
Puc. 1. Cxema ABMKeHNs1 110 pesibCy rpyrbl Ocei
akunaxa.

OT HayaJjia HEMOABMXKHOM CUCTEMBI KOOPIM -
HaT.

B oGmacTit 4acTOT CIBUT OCYIIECTBIISIETCS
OITEPaTOPOM:

N a, —a
W (iw)=" exp ia)’TN , a,=0. (12
=1

CyuetoMm (12) mIOTHOCTH CTIEKTpa KBaapa-
Tanpouecca Z, (t ) MPU MPOXOXKIECHUY Yepe3

CEYEHHE PENTbCa OMMHOYHOTO SKUIAKA
S, (o) =W (i)W (iw)S; (o),

z

(13)
rie W (i®) — gactotHas XapakTepucTHKa,

KOMILIEKCHO COTIPSDKEHHAs! ¢ YaCTOTHOI Xa-
paktepuctukoit W (iw).

Ecnu uepes ceueHue MmyTH MPOXOAMT Lie-
MOYKa SKHUIAXE, MIOTHOCTh CIIEKTPa KBa-
npatamnpouecca Z, (t) MPOr10OB peJibca Mo,

T0€e3I0M MOKET OBITh OTpeesieHa KaK CyIep-
TMO3UINS CIIEKTPOB ITPOrMOOB peJibCa, BhI3bI-
BaeMasl IPOXOJI0M OJHOT'0 SKMITaxKa CO CIBH-
ramu jTO, rae TO — Mepuoa MPOXOXIECHUS
SKHIIAXKeM ITyTH, pABHOT'O €ro JyTMHE /[:

-1,
4

Howmep j mensiercst or —M 1o +M nipu
M — 0.

IIpoBeasi cooTBeTCTBYIOIIME MTPeodpa3o-
BaHus [1], moaydyum cieayloliee BhipaxkeHue
JUISL CIIEKTPaJbHOM TJIOTHOCTH IIpoliecca
MporudoB peibca Mo Moe3a0oM, chopMHUpo-
BaHHBIM M3 OJHOTUITHBIX SKUITaXKEI:

S, (0)=S, (o), ié‘(a)—nwo),

h=—0

(14)

5)

rae 6 (o) — aeapTa-pyHKus Jupaka;
2 27V
Wy =—=—.
T, l
HMmes BeipaxeHue (15), MOXHO HalTH

cpennuit kanpar npottecca Z, (1):

(Z (1) =ISZ (0)do.

(16)

(17)
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IToncrasnsia B (17) BeipaxkeHue (15) v yun-
ThIBasi CBOMCTBA Jie1bTa-(QYHKIINY, TIOTYYUM:
(Z}(t)=>4d;, (18)

n=1

rae d} — aucrepcust mporecca Z, (t) , IpU-

XOISLIASICS HA TADMOHUKY 7.
2 .
KoadduumeHts! d, onpenensiorcs Tak:

d: =2a)OS: (na)o). (19)

OTH K03 GUILIMEHTHI TTOJTHOCTHIO OTpaXka-
FOT IMHAMHUKY ITOIPETHCOBOIO OCHOBAHUS ITPHU
MIPOXOJe IO IMyTH IToe31a, ChOPMUPOBAHHOTO
13 OJHOTUITHBIX DKUITIAXEN.

Hucriepcust BUOPOYCKOPEHUI IIITIAJIHI,
TIPUXOISIIASCS Ha TAPMOHUKY 71, 3aTTAIIIETCS
B BUIE [1]:

2
2 _ 4 4 2|y s
d% =awyn'd, W (inw,)

; (20)

rae WZZ" (iw) — 4JacToTHas XapakTepUCTUKA
0
CHCTEMBI C BXOJIOM T10 TTIporudy pesbca £, (t)
¥ BBIXOZIOM 110 Tiporuby mmaist Z, (1)
YactoTHylo xapaktepuctuky W.” (iw)
HaxoJIUM C MTOMOILIbIO BbIpaxKkeHus [1]:

W ()= :
“ -o°M,+iof,+C, +C.
rie C, — XKEeCTKOCTb y3/1a CKPETUIEHUS;

C, — XeCTKOCTb MO/LINATLHOIO OCHOBA-
HUSI,

M — nooBKMHA MAcChI ILITAJbI;

fm — neMI(pupoBaHUEe MOAIINAJIbHOTO
OCHOBaHWUSI.

VYpoBeHb BUOPOYCKOPEHMIA ANkl OyaeM
OIIPENIE/ISATh B OKTaBHBIX I10JI0CAX B IMAMa30-
HE 4acToT
16 < new, < 32000. (22)

BbIOOp OKTaB 3aBUCUT OT CKOPOCTU JABU-
JKEHMSI 9KMIIaXa, ITOCKOJIbKY 4YaCTOTa OCHOB-
HOTO TOHA KosebaHuii m  XapakTepu3yeTcs
paBeHCTBOM (16).

Homep rapMOHUKM, COOTBETCTBYIOILIEH
HauMMEHbIIIE U3 paccMaTpUBAEMbIX YaCTOT:

n, =l£ +1,
a)()

rIe _|_ — 3HaK LIeJIO yacTu ApoOu, CTOSIIEN
32 3TUM 3HAKOM.

MoXHO BUIETH, YTO BEIMYUHA /1, OIHO-
BpPEeMEHHO siBIisieTcsl HomepoMm 7 (D mepBoi
TapMOHUKU TIEPBOM U3 OKTaBHBIX T0JIOC Ya-

21

(23)
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cToT 16 < < 32, a BenmuuuHa n " — rnepBbIM
YJIEHOM F€OMETPUYECKOM IPOrpecCcrun
nm=pO Jm-1 (24)
rae n ™ — HoMep IepBOi TAapMOHUKM OKTaB-
HOW TOJIOCHI M.

Bcero B paccmaTpuBaeMoii 3amaude 11 ok-
TaBHBIX I10JIOC.

BubpoyckopeHus 1iman B OKTaBHOM IO-
JIOCE YacToT OyIeM BhIpaXkaThb B JJorapu@Mu-
YECKUX €AMHUIIAX OTHOCUTEIbHO YCKOPEHMUSI
cuibl Tsokect g = 9,81 m/c2:

n=n""M_1

2
b2,

n=n"*D_1

=10g| = Y o (25)
g n=n" Lult
B BeIpaxeHuu (25) BeauynHa d’ oripe-

Zul

nensiercs popmydoii (20). Bennuuna

n:”(m+l)7l
d2

o Zuht

MpeICTaBIIsIET CO0O0I CyMMY MUCIIEPCUIi BCEX
rapMOHUK, COAEPKAIIMXCS B OKTaBHOM I10JIO-
ce yacToT M.

Huke npuBeaeHbl HEKOTOPBIE pe3y/ibTa-
THI pacYeTOB BUOPAIIMIA ITyTH IO BO3ACHCT-
BMEM BBICOKOCKOPOCTHOTO moe3aa. B cBsi3u
C TeM, YTO HaM HEU3BECTHBI €ro mapameTphbl
MpU ABUXKEHUU co cKopocTssmu 400 KM/4
u GoJiee, a TAaKXKe mapamMeTpbl KOHCTPYKIIMU
BEPXHET0 CTPOEHUS YT TP IPOITyCKe Ta-
KOro I1oe3/1a, pacuyeThl IPOM3BEACHBI IIPU
mapamMeTpax rmoeszaa «CarncaH» 1 KOHCTPYK-
LMY ITyTH C 0JIJIACTOM U XKeJIe300€ TOHHBIMU
HIITaJIaMMU.

B pacueTHo#l cxemMe NMPUHKMMAETCS, YTO
1oe31 c(popMUPOBaH U3 BATOHOB, KOJIMYECTBO
KOTOPBIX HE OTPaHUYEHO.

B xauecTBe MCXOMHBIX MTapaMeTPOB KH-
Traxka IpUHSTHI:

* 6asa TeexXKu b = 2,6 M;

* Gaza Barona b, = 17,375 m;

* JIJIMHA BaroHa IO aBTOCILENKaM (cpei-
Hero B noesae) / = 24,175 m.

[TapameTpbl, HEOOXOAMMBIE ST pacueTa
BEJIMYUH IUCTIEPCUit d,f , (puc. 1):

a,=0;a,=b =26M;a,=b =17,375m;
a,=b +b =19,975m.

CpenHee 3HaY€HUE CUJIBI, TIepeaaBaeMoi
OT KoJieca Ha peJibC:

Q=9%«H,j=1,2,3,4.
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(1 — ckopocTtb 300 kM/4; 2 — ckopocTb 554 km/4; 3 — ckopocTb 700 kM/4).

CpenHekBaapaTUIeCKOe OTKJIOHEHUE
3HAYEHMs1 CUIIBI OT CPEIHETO Gy = 14 xH.

B xayecTBe MCXOMHBIX MTapaMeTPOB MyTHU
TIPUHSITHI:

* MOIYJb YOPYTOCTH IOAPEIHCOBOTO
ocuoBanust U] =100 Mra;

* MOMEHT MHEPIIUU PeIbca OTHOCUTEILHO
IJIAaBHOM ITOIIEPEYHOM TOPU30HTAIILHOM OCU
I7 =3,5410-5 m*

* MOJYJb YIIPYTOCTH peJibcoBoii ctamu E
=2,1'10° Mma;

* pacmpezieJIeHHas! 110 IIMHE PUBEICH-
Hasl Macca pesibca U MOIPeIbCcOBOIO OCHOBA-
Hust m; = 1013 xr/wm;

* pacrnpe/ejeHHOE Mo JUIMHE AeMII(pUPO-
BaHUE MyTH NPU BEPTUKAILHBIX KOJEOAHUAX
fP =4,510*Nac;

* Macca wmansl 2M = 275 KT,

* XECTKOCTb y3ia ckpemienus C_
910" H/w™m;

* JXECTKOCTb IOJIPEIbCOBOTO OCHOBAHUSI
C,= 310" H/m;

* IeMIT(UpOBaHKE MOAIITATEHOTO OCHO-
BanusaA f, = 10° He/m.

YpoBeHb BUOPOYCKOPEHUIA IITTAN B ST -
OeJIBHOI IIKaJIe B OKTaBHBIX TI0JI0CAX YACTOT
ObLT paccunTaH Mo Ghopmysiam, TIPUBEICH-
HBIM B JaHHOM cTaThe. PacueTsl Tpon3Bee-
HBI TIpu ckopocTsax 300, 554 u 700 km/4.
CkopocTb 554 KM/4 SIBAISIETCS yCIIOBHO-KPU-
TUYECKOU — TIPU OTCYTCTBUU JIeMITI(UPOBa-
Hus B nyty (f, = 0).

Kak BUIHO M3 puc. 2, TpU IBUXCHUU
rmoe3ia co CKOPOCThIO, PAaBHON YCIIOBHO-

kputudeckoit (V' = 554 xm/4), BUOpOyCcKO-
peHMs IIMajabl JOCTUTalOT MaKCUMyMa
BO BCEM YaCTOTHOM JMalia3oHe KoyjebaHui
nyTti. B yactotHoMm auamazone 64—250 Iix
YpPOBEHb BUOPOYCKOPEHUIA LIMAJIbI JOXOIUT
no 22—-25 nb.

I1pu nanpHeMIIEM MOBBIIIEHUN CKOPOCTH
rnoeszaa ypoBeHb BUOPOYCKOPEHUI ITyTH CHU-
JKaeTcst BO BCeEM Auara3oHe 4acToT, B Hau-
OoJIbIIIEN CTENEHN — B JMAlla30HEe HU3KUX
yacToT (MeHee 64 Iir).

BbIBO4bl

1. B ctatbe npuBeeH aarOpUTM U PE3YJib-
TaThl YUCJAEHHOTO pacueTa BUOpalMii yTU
MpU CKOPOCTSIX ABUXKEHUS dKUIMAKa B 30HE
YCJIOBHO-KPUTUUYECKOU CKOpocTU (Koraa
B MOJIEJIN, HE YIUTBIBAIOIIIEH paccesiHe SHEP-
TWM B ITyTH, TPOTHO3UPYETCS BOBHUKHOBEHME
KoJ1e6aH1i1 HeorpaHUYEHHO OOJIBIION aMILUIU-
TYJbI).

2. I1pu gBMKEHUH TTOe3/1a CO CKOPOCTHIO,
pPaBHOU yCJIOBHO-KPUTUYECKOM, BUOpaLlUn
MYTU JOCTUTAIOT CBOET0 MaKCMMyMa BO BCeM
4acTOTHOM Auana3oHe. Euig Gosbliie MmoBbI-
IIIEHME CKOPOCTHU TpearnojaraeT CHUXEHUe
YPOBHSI BUOPOYCKOPEHU A BO BCEM Arana3oHe
4acToT.
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EVALUATION OF TRACK'’S VIBRATION AT HIGH SPEED

Kogan, Alexander Ya. — D. Sc. (Tech), professor, senior researcher at the department «Track and track
facilities» of «All-Russian Scientific Research Institute of Railway Transport» (JSC VNIIZhT), Moscow, Russia.
Poleshchuk, Irina V. — Ph.D. (Tech), associate professor of the department of construction of railways,
bridges and tunnels of Russian Open Transport Academy within Moscow State University of Railway Engineering

(MIIT), Moscow, Russia.

ABSTRACT

This article proposes an analytical method of
assessment of track’s vibration level, based on
the spectral decomposition of functions of sleeper
deflections under the influence of passing axles of
rolling stock. Train is considered to be formed from
vehicles of the same type and of unlimited length.
Vibrations are studied within a stable system of
coordinated, related to the ground, for one sleeper
during the passage of a train of unlimited length
through track’s cross-section. The computational
scheme takes into account vibration damping of a
track, considered as an infinitely long beam on a
viscoelastic foundation. The algorithm and the results
of numerical calculation of track’s vibration are given
at speeds in the area of conventionally critical speed
(the speed at which the model that does not take
into account energy dissipation on the way predicts
vibrations of unrestricted amplitude).

It is shown that when the train’s speed is equal
to conditionally critical (of about 500-600 km /
h), the track’s vibrations reach their peak in the
whole frequency range. Results are obtained for
a wide frequency range from 16 to 32000 Hz in 12
octave bands in decibel scale. Methods, outlined
in this article, make it possible to solve problems of
accumulation of residual track’s deformations, as well
as give direction for solving problems associated with
the vibrations of the roadbed.

ENGLISH SUMMARY

Background. Speed of high-speed transport is
continuously increasing. Relatively recently speed of
8300-350 km / h has been considered as very high,
but now the question is how to achieve the level of
400-450 km / h on Russian railways. In this regard,
the task arises to evaluate track’s vibrations at such
or even speeds.

Objective. The objective of the authors is
to propose a new evaluation method of track’s
vibrations, which occur in high-speed traffic.

Methods. The authors use mathematical method,
analysis and scientific description.

Results. Article [1] is devoted to problems of
analytical evaluation of track’s vibration level under
passing trains, formed from vehicles of the same type.
To determine the shape of the curve of a rail’s deflection
a model was used in which, to simplify the solution,
energy dissipation was not taken into consideration.
Solutions obtained in this case are sufficiently accurate
at speeds of up to 300-350 km / h. At speeds of over
500 km / h and disregarding damping a system may
become unstable, and solutions become unbounded.
In fact, the energy in the system always dissipates. In
the vicinity of the speed, which is critical in the absence
of damping (conditionally critical), we should expect
increased dynamic effects.

Itis known that in France for high-speed line speed
of 574 km / h was implemented, which, according to
the authors, is higher than conventionally critical.

In general, with account for damping the deflection
of a fixed track’s point when singular vertical force Q =
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1 passes through the cross section of a track with
speed Vis described by the differential equation [2]:

ad420 0 o172 dZZO 0 dZo orzo
I} +(N+mV?) SV R UIZ)=0,()
which is valid everywhere except at the point of
application of force Q = 1, where there is discontinuity
of the third derivative resulting from the vertical
deflection of a rail.

In formula ( 1) there are following notations:

E — elasticity modulus of rail steel;

I} - inertia. moment of a rail with regard to the

main cross horizontal axis y;
Z, - vertical deflection of a rail;

u —distance of driving force from considered fixed
cross- section of a rail;

N° - axial force in a rail;

m; — distributed along the length reduced mass

of a rail and a foundation at vertical vibrations of a
track;
[, — distributed along the length vibration

damping of a track at vertical vibrations;
U? — elasticity modulus of a rail base in the vertical

plane.
The characteristic equation of the differential
equation (1) takes a form:
r +7N') +W:;V2 - f:z U:o =0.
EI; EI} EI}
Since all coefficients of the equation (2) are valid,

it has two pairs of complex conjugate roots
h=rn,=F. Applying Hurwitz criterion to the

+

(2)

equation (2), it can be proved that its two roots
represent negative real part, while the other two
represent positive real part.

We assume for definiteness

Rer, <0; Rer; <0; Rer, >0; Rer, >0.

In the cross-section under the driving force rail’s
deflection, angular deflection and bending moment
are continuous functions of the abscissa u , and the

shear force is discontinuous with a jump equal to the
external unit force Q = 1. Given these boundary
conditions, the solution of equation ( 1) takes the form

A ol A —oyl h 20.
z (u): “e“ .smﬁlu+ lzf“ cosBu whenu =0, 3
A, e sinfu+ A,,ecosf,u whenu <0,
where a, =|Rer|;a, =|Ren|; B, =|Imr|; B, =|Imr,].
Coefficients A, (1= 1,2) are determined as follows:

4o c . 1 D .
" ELp CP+ DY O ELB C+ DY

I F 1 G .
EIB, FP+G*

A, = -— A
21 EIﬁﬂz F2+G2 22

C=(ay+a,) =B+ 5 D=-2p(o+a,);



F=(a+a,) =B +f5 G=2p(a+a,).

If at time t = 0 driving unit force Q = 1 is located
in cross-section over the considered cross-sleeper,
rail’s deflection in this cross-section at time t is
determined by following expression:

z0(n)- —A, e sinBVt + A,e™ cos BVt whent <0,
g — A, e sinB,Vt + A e cos B,Vt whent > 0.
(4)
In this case evident relation u =-Vtwas used. In

a particular case, when there is no energy dissipation
in the system ( f; =0) characteristic equation (2)
degenerates into a biquadratic. Then deflection of a
fixed rail point under the passage of a unit vertical
force Q = 1 is determined by the expression:

. exp{-aVli| )
Zp(t)=M(asznﬁVt+ﬂcosﬁVt), (5)
where
wo | U Ny

C\\V4EIL  4EI0

v Namy’
4EI0 T 4EI0

B=

Track’s vibrations at rail’s deflection under the
influence of unit force Q = 1 are considered in article
[1]. As already mentioned, solutions obtained using
the formula (5) are sufficiently accurate at speeds of
trains of 300-350 km / h.

At high speeds it is necessary to consider that in
the absence of vibration damping in the system
(f7 =0) and speed

1 STTe _ ATo

V= m—:(L/EIyUz -N°)
system becomes unstable.

Indeed, in this case, we have a=0, and solution
(5) becomes infinite. We define the Fourier spectrum
of the function (4). In contrast to the function (5) it
is asymmetric with respect to the point t = 0. This
circumstance provides complexity to the Fourier
spectrum; it includes not only the cosine transform,
but the sine-Fourier transform of function (4).

We first calculate the cosine Fourier transform of
function (4). Obviously, we have

0

ze

0
D (0)=-4, Ie”‘”sinﬁthcosa)tdt + A, [ e cos B Vicoswtdt -

—n

—A, J.e‘“zy’sinﬂzl/tcosa)tdt + A, J.e"’ly’cosﬁthcoswtdt.
0 0

Changing in the first and second integrals a
variable tinto —t and performing integration, we obtain
the following result:

L‘V; i [alez +(BV + a))zIl +

|V -e
2

@, (o)

rAnt
(a2 +(pV -0)' |
+%{|:a12V2 +(ﬁ1V +Cz))2 j|_] +|:0512V2 +(ﬂ1V + w)2 }_I}Alz -
BV +o
2

[aszz +(BY + a))z}_l +
VA
2

- A, +
+

[ +(pY - a))T

wr (v s(py-o)] + )
2 aviepyear] | (6)

We now calculate the sine-Fourier transform of
function (4):

0 0
D, (0)=-A4, Ie"‘”sinﬁthsina)tdt +A4, je“"”cosﬁ,Vtsinwtdt -

—AZIIe'“’”sinﬁZWsinwtdt +4, fe‘“zwcosﬂZWsinwtdt.
0 0

Changing in the first and second integrals tinto —t
and integrating, we obtain:
2172 27!
v [V +(py-o) ] -
@u(a))=—7 o A, -
[asz +(BV + o) }

L‘V; @ [alez +(BYV + a))zIl -

B v - (py -o) ]
a [a§V2+(ﬁ2V—w)2T _

2 e e (pyvo) ]

BV +o
2

Ay, +

[ +(py +o) ] -
+ A,,.

BVl gy -0y | (7)

Complex Fourier spectrum of the function (4)
has the form
P (0)=2,(0)+i®, ()
where i=+-1 - imaginary unit.
We define the density of spectrum of process square
Z; (1), appearing on the way under the passage of a
random force Q (t), which mean square is
0’ =0 +o,, (9)

where Q - mean value of force Q (t); o,— RMS

(8)

deviation of force’s value from the mean value Q.
Parameters Qandc, can be determined by

considering processes in the mobile, related to the
vehicle’s coordinate system [1].

With account for formulas (8) and (9) the spectral
density of a square of rail’s deflection reduces to the
expression

% (W)=(Q")®,(w)®,(w)= QZ(Q)ZZC(W)-F@;(W)), (10)
where ®:() - function, complex conjugate to

function @ (o).
In expression (10) value 0’ is determined by

formula (9), and functions ®, (o) and @, (o) -
respectively by formulas (6) and (7).

Assume that when vehicle passes through a
fixed track’s cross-section all its axles transfer
vertical forces to the rails with the same statistical
characteristics:

1 ¢ , 1& .,
QzNJZ:I:Qj’ Oy =F]Z:1:GQ 5

where jis an axis number of a vehicle; N — total number
of axles in the vehicle.

(11)
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Pic. 1. Movement scheme of axles’ group of a vehicle
along the rail.

In this case, rail’s deflection is determined by the
sum of deflections resulting from individual forces,
phase-shifted relative to wheel pair, which is the first
in the direction of travel (Pic. 1).

In Pic. 1 variable x is an abscissa of the current
cross-section of a rail, calculated from the start of the
fixed coordinate system.

In the frequency area shift is performed by the
operator:

. N _a,-ay
W(lw):;exp 0=t a,=0.

With account for (12) density of spectrum of
process square Z, (t) when a single vehicle passes

(12)

through the cross- section of a rail is:

S: (@) =W (i)W (i0)S] (o), (13)
where W (io) is a frequency characteristics, complex
conjugate to the frequency characteristics W (i).

If a chain of vehicles passes through rail’s cross-
section, spectrum density of process square Z, (t)

of rail’s deflection under the train can be determined
as a superposition of the spectra of rail’s deflections,
caused by the passage of one vehicle with shifts jT ,
where T, — period, during which a vehicle passes a
way, equal to its length I:

(14)

Number j changes from — M to + M when M — .

After appropriate transforms [1], we obtain the
following expression for the spectral density of the
process of rail’s deflection under a train formed from
vehicles of the same type:

S, (0)=5,(0)o, Y 6(w~nw,), (15)
where 6 (®) — Dirac delta function;

2t 2nV
a=g =" (16)

With the expression (15), we can find the mean
square of the process Z, (1) :

(22 (1) =[S (o)do. (17)

Substituting in (17), expression (15) and taking
into account the properties of the delta function, we
obtain: o

(Zp (=24,
n=1

where d. —dispersion ofprocess Z.(t), attributable

(18)

to harmonic n.
Coefficients df are determined as follows:

d; =2w,S; (na,). (19)

® MUP TPAHCNOPTA 04°14

These coefficients fully reflect the dynamics of rail
base when a train, formed from wagons of the same
type, passes along the track.

Dispersion of vibration accelerations of a sleeper
attributable to harmonic n, is written in the form [1]:

&’ =an'd Wy (ina)o)r, (20)
. W

un

where Wzi’ (i) is frequency characteristics of the

system with the input on the rail’s deflection Z,(t)

and output on the sleeper deflection Z, (’ ) .
Frequency characteristics WZZ” (za)) isdetermined

with the help of expression [1]
- C,
I/Vz,: (la)) =7 . >
-o'M, +iof, +C, +C,

where C_ - stiffness of a clamping unit;

C,, - stiffness of sleeper base;

M, — half mass of a sleeper;

f,,— vibration damping of a sleeper base.

Level of vibration acceleration of a sleeper is
determined in octave bands and frequency range
16 < no,< 32000. (22)

Choice of octaves depends on the speed of a
vehicle, since frequency of basic tone of vibrations
o, is characterized by expression (16).

Harmonic number corresponding to the lower of
the frequencies:

n =—|_ E +1,
@,
here _|_ is a sign of the integer part of the fraction
behind this sign.
Itcan be seen that the value n  is simultaneously a
number n'" of the first harmonic of the first frequency

octave bands 16 < o < 32, and value n(" - the first
member of geometric progression

(21)

(23)

n(m=p(.2m-1 (24)
where n™ — number of the first harmonic of an octave
band m.

In this task there are 11 octave bands.

Vibration accelerations of sleepers in frequency
octave band shall be expressed in logarithmic units
relative to the gravitational acceleration g = 9,81 m/s?:

n=n"_ n=n" 1
L{ & }wzg{z DA }
" g

n
o H pom

(25)

In expression (25) value d> is determined by

{(m) Tuh

n=nm_| Zwh

formula(20). Value { Z d’ } isasum ofdispersions
of all harmonics, which are located in frequency
octave band m.

Below there are some results of calculations
of track’s vibration under the influence of high-
speed trains. Due to the fact that we do not know its
parameters at a speed of 400 km / h or more, and
the design parameters of track superstructure when
such a train passes, calculations are made for the
parameters of the train «Sapsan» and track design
with ballast and concrete sleepers.

In the calculation scheme it is adopted, that
train is formed from vehicles, the number of which
is unlimited.

Initial parameters of a vehicle are:

* base of a bogie b, = 2,6 m;

* base ofacarb,=17,376m;

+ length of the car by an automatic coupler
(averagein atrain) | =24,175 m.
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Pic. 2. Levels of v:brat:on accelerations of a sleeper when axial force is No=106N and vibration damping is

10 Pa-s

Parameters required for the calculation of the
dispersion d’ (Pic. 1):

a,=0;,a,=b =26m;a,=b,=17,375m;a,=b,
+b,=19,975m.

The mean value of the force transmitted from the
wheel on the rail:

0=90kN ,j=1,2, 3, 4.

RMS deviation of a force’s value from the mean
value 6, =14 kN.

lnmal parameters of a track:

« elasticity modulus of a rail base U; = 100 MPa;

« moment of inertia of the rail relative to the main
cross horizontal axis I, =3,54:10° m*%

- elasticity modulus of rail steel E=2,110° MPa;
* reduced mass of a rail and a rail base distributed
along the length m; = 1013 kg/m;

* vibration damping of a trackatvert/cal vibrations
distributed along the length f =4,5-10*Pa-s;

* weight of a sleeper 2M ;= 275 kg;

« stiffness of a clamping unit C_= 910" N/m;

« stiffness of a rail base C = 310" N/m;

+ vibration damping of a sleeper base f, =
Ns/m.

Level of vibration accelerations of sleepers
in decibel scale in frequency octave bands was

10°

(1 - speed 300 km/h; 2 — speed 554 km/h; 3 — speed 700 km/h).

calculated using formulas, given in this article.
Calculations were performed at speeds of 300, 554
and 700 km/h. Speed 554 km/h is conditionally
critical in the absence of vibration damping of the
track (f,=0).

As it can be seen from Pic. 2, when a train moves
at a speed, which is equal to conditionally critical
(V=554 km / h), vibration accelerations of a sleeper
reach a maximum in the whole frequency range of
track’s vibrations. In the frequency range of 64-250
Hz level of vibration accelerations of a sleeper comes
to 22-25 dB.

With further increase in train’s speed level of
vibration accelerations of a track decreases at all
frequencies, to the greatest extent — in the low
frequency range (less than 64 Hz).

Conclusions.

1. The article presents the algorithm and results of
numerical calculation of track’s vibrations at speeds
in the area of conditionally critical speed (when the
model, not considering energy dissipation on the
way, predicts emergence of vibrations of indefinitely
large amplitude).

2. When a train moves at a speed equal to
conventionally critical, track’s vibrations reach
their maximum in the entire frequency range.
Further increase in speed implies reducing vibration
acceleration at all frequencies.

Keywords: railway, sleeper’s vibration, high-speed trains, critical speed, frequency octaves, spectral
density, decibels, analytical method, numerical calculation, Hurwitz criterion, Fourier transform.
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U3noxeH meton pacyeta
TOKOpacnpeaesieHus B nposoaax
MHOrornpoBOAHOV TArOBOM ceTu
nepemMeHHoro Toka. llpeasoxeHb!
dopmysibi onpenesieHNs CornpoTUBIIEHNS
OAHOro nyTN MHOrornpPoBOAHON TSroBON
ceTtv ABYXIMYTHOW JINHUN N BBAUMHOIO
COrnpoTUBIIEHUS MPOBOAOB ABYX NyTen

C y4eTOM HaBeleHHbIX TOKOB B MPoBoAax
BTOpPOro nyTu, Mo3soJisioLLne rnpu
pacyeTte pexxuMoB 3J1eKTPOCHa0XeHns
MCcrnosib30BaTh MPOrpamMmMHoOe
obecnieyeHue Ans cuctemMsl 25 kB.
lMosny4eHHbIe ypaBHEeHUSI, UMest

B BUAY YCJ/IOBUS TArOBOWM CETU

C 3KpPaHUPYIOLYUM U YCUSTUBAIOLLIUM
nposogamu, Aar0T BO3MOXXHOCTb
NPUMEHSITb UX NMPU NUCKJTIOYEHUU JII0O0ro
npoBoAa N HeCKOJIbKUX NMPOBOLOB

W3 Ha/InYyecTBYIOLYEe MHOIorpoBOAHOM
COBOKYIMHOCTH.

Knto4yeBnbie cioBa: xene3Has aopora,
MHOrornpoBoOAHasi TAroBasi CeThb,
repeMeHHbIVi TOK, COMPOTUBIIEHUS
npoBoAOB, TOKOPACpeaeneHve, MeToamka
pacdera, mareMaTtu4eckui annapar.
|
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BOTPOCHI TEOPWAV

MHoronpoBoHblie TAroBblie
ceTu NnepeMeHHOro Toka

Yepnos FOpuii Anmonosu1 — 00KmMop MexXHUHeCKux
HayK, npogeccop kagedpsl «Dnekmposnepeemura
mpancnopma» Mockogcko2o 2ocydapcmeeHHo20
YHueepcumema nymeti coobuenus (MUHUT), Mockea,
Poccus.

Taepuaoe Maxcum Cmanucaasogus — cmyoenm

5-e0 kypca MUHUT, Mockea, Poccus.

Jig MoBbIIEeHUST 3G (PEKTUBHOCTU
3JIEKTPOCHAOXEHMST XKEJIE3HBIX 10~
por, 31eKTpUGUIIUPOBaHHBIX
0 cucCTeMe repeMeHHOro Toka 25 kB, yxe
JIaBHO TIpe/Iarajioch UCIOJIb30BaTh YCHUIIM -
Barowuii mposoa (YII), coeanHeHHBIN Ma-
panjaenbHO ¢ KOHTAaKTHOM moaBeckoit [1].
Jlo atoro Ha CeBepo-KaBka3ckoii gopore
B KOHIle 70-X TOJOB MPOILJIOro BeKa ObLI
peajJim30BaH BapuUaHT C 3KPaHUPYIOUIUM
u ycunuBawuM posogamu (DYII) [2]. On
CTaJl aHaJIOTOM CUCTEeMBI, paHee pa3pabo-
TaHHO B SITOHUM, KOT/a ¢ LEJbl0 YMEHb-
IIEeHUsI MAaTHUTHOTO MOTOKA MEXTy KOHTaK-
THOW CEThI0O M pejibcaMM (a TeM CaMbIM
3HAYUTEJIbHO CHUXAETCSI MHAYKTUBHOE
COIPOTUBJIEHUE TATOBOW CETH) yIaloCh
MMPUMEHUTh KOaKCUaJIbHBIN Kabenb. [Tpu
5TOM KOHTaKTHasl CeThb MPHUCOCAUHSICTCS
K XuJje Kabesi, a peJbChl K ero 000JI04YKe.
DKOHOMMS KalUTaJIbHbIX 3aTPaT MPEeAro-
JlaraeT B TIOJOOHBIX CJIydasiX OCYIIECTBIISITh
MO3TAITHOE HapallMBaHUE MOIIIHOCTH CUCTE-
MbI 251eKTpocHa0XxeHus [3]. Ha mepBom aTare
aIeKTprdUKaLMs ODUEHTUPOBAaHA Ha YBEJIM -
YeHUE PACCTOSTHUM MEXTY MOACTaHIIUSMU.
B 3aBHCHMMOCTH OT pocTa Irpy30M0OTOKa OTIpe-
JIEJIIETCSI OYEPETHOCTD CEAYIOIIeTo 3Tana
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Puc. 1. Pacnonoxexune npoBofoB Ha ABYXMYTHOM JINHUN.
O6osHayenusi: Y,, ¥, — ycunusarome nposoaa nepsoro n BTOporo nytedi; 3,, 3, — 3KpaHupyiowme nposoaa
nepsoro n sToporo nytei; KI,, KI, — kOHTakTHbIE NpoBOAa nepsoro v sToporo nytes; HT ,, HT ,— Hecywune

TPOCHI NEPBOro v BToporo nyteii; P, P,

BTOpPOro nytu; n ” l72 — 3KBUBaJIeHTHbIe rnposoga rnepsoro v BTOporo nyreu,

— OAMHOYHbIEe peribCbi nepsoro nyTu; P, P,

— OQUHOYHbIe peJibCbl

P Ps — BKBUBAJIEHTHbIE PeJibChbl

a1

rnepBoro v BTOporo ryreii; P, — 3KBUBaNeHTHbI pesibC 006oux nyTeii.

yeunenust (YIT wiu DYTI) u cpoku ero 3aBep-
meHus [4].

Jlnst pacueToB pexxMMOoB padoThl ¢ YIT viu
cucteMbl DYTI 1oCcTaTOYHO HANTH COTIPOTUB-
JIEHWE TSITOBOI CETH UX 9HEPTrocucTeM. 3ana-
Ya MOKET ObITh BBITIOJIHEHA C UCTIOJIb30BAHU-
€M MPOrpaMMHOTr0 00eCIeYeHUsI.

B cucreme ¢ DYII pacnionoxeHue mpoBo-
JIOB LIemHOi KoHTakTHOI moaBecku (K u T)
00BIYHOE, COOTBETCTBYIONIEE MTPUMEHSIEMOM
cucteme 25 kB. PacnioyioxxeHue 1pyrux rnpo-
BOJIOB C PACCTOSTHUSIMUA ME3KILy HUMU, TIPUHSI-
TBIMU B MMPOEKTE, MTOKA3aHO Ha puc. 1.

K tpaBepcam ¢ mosieBoil CTOPOHBI OMOpP
(OMKe K HUM) MOJBELIEeH Ha OJTHOM U30JIs-
TOope 3KpaHUpPYIOIUi npoBon (D), 3aTeM
Ha MMHUMAJIbHO JIOTTYCTUMOM TIO YCJIOBUSIM
U30JISILIUA PACCTOSTHUM HA TUPJISTHIE U3 TPEX
WIN YETBIPEX U3O0JISITOPOB — YCUJIMBAIOUIUMA
mposog (V).

DKpaHUPYIOIIUI TPOBOJ MOAKIIOUEH
MapaijieIbHO K peJibcaM Yepes3 HyJIeBble TOU-
KM MYyTEBBIX APOCCEIb-TpaHCHOPMATOPOB
yepes ABa IPOCCETbHBIX CThIKA HA TPETUM WU
yepes 3eMJTIO TPU UHIMBUTYAJIbHbBIX 3a3EMJIN -
TeJsIX. YCUIUBAIOIIUI MTPOBOJA COEAUHSIETCS
C KOHTaKTHOW MOABECKOU B TpeX TOYKaxX
Ha OTHOM aHKEPHOM YYacCTKe.

s onpeaeneHus: BeIUYUH TOKOB, MPO-
TEKaIOIIUX MO TPOBOJAM TATOBOM CETH, 3aIn-

IEM BbIpa>XCHUA OJIA nageHun HanpAXCHUA
C YUETOM HaHpaBJICHI/IfI TOKOB.

AU =Z o+ Zo iy = Zo b + Zoyol o +
+Zn]y21y2 angzl 2 anapiap 5 ( 1 )
AU, =Z, 0, +Z 0, -2, 0, + 2,0, +
+Zyoly = Zol =20, (2)
AU, =-Z, 1, -2, 1, +2,1, -2 .1,

ZyZallyZ +ZalaZI +Zalap13p ’ (3)
AU, =Zyd + Zy o = Z 0+ 20, +
Lol = Zioly = Ziny b,y “4)
AU, =Z, o+ 20 =2 0 + 2, 00, +
+Zod,~Z 001, -Z 0,05 (5)
AUaZ Z_anszinl ZyIBZIyl +ZslaZI Zn2321n2

“Z ook + 2o+ 2, 6)
AU, =-Z, b = 2,0 + 2 b = Zohhs -

“Z ks + 2y Ny +Z 0, 7
TIe AU,,I,AUyl,AUQI,AU”Z,AUﬂ,AUaz,AU — T1a-

JIEHUs HaTIpSDKeHUsT Ha | KM JUTMHBI CIIemy -
IOIIUX KOHTYPOB: SKBUBAJICHTHBIN MPOBO/I
MEPBOTO MYTU — 3eMJsl, YCUJIMBAIOIIUNT
TIPOBO/JI IEPBOTO MYyTU — 3eMJIsI, DKPAHUPY-
IOIIWI TTPOBOJ TIEPBOTO MYTU — 3eMJIsSI, 9K~
BUBAJICHTHBII TPOBOJ] BTOPOTO MYTU — 3€M-
JIsl, yCUJIMBAIONINI TTPOBOJI BTOPOTO MyTH —
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Ta0muna 1
KoaddummenTsl ToKOpacnpeeaeHus
10 POBO/IAM TIPU HATPY3Ke HA OJJHOM Iy TH

Znep=w Znepzo

|0,570+j0,018|=0,570 |0,569+j0,018|=0,569

|0,430-j0,018]=0,430 |0,431-j0,018|=0,431

|0,330+j0,044|=0,333 |0,277+j0,059|=0,284

|-0,036-j0,016|=0,040 |-0,037-j0,016]=0,040

|0,036+j0,016|=0,040 10,037+j0,016|=0,040

®

|0,166-j0,007|=0,166 |0,113+j0,008|=0,114

0

Il Pl Vol Pl Nl Nl B

S

|0,504-j0,037|=0,506 10,359+j0,012|=0,359

3eMJIsI, SKPAaHUPYIOIIUI TPOBOI BTOPOTO
MYTH — 3eMJIsI, 5KBUBAJCHTHBII PebC —
3eMiis, B;

I, 1, L, 1, I, L, I,, — Toxu B cooTBeT-

vyl y2°

CTBYIOIIMX ITPOBOJAAX, A

an’ZyI’ Z.,, Ly, Zy2’ Z,, Zap — COIPpOTUBJIC-

HUSI KOHTYPOB COOTBETCTBYIOLINIA IIPOBOI, —
3emutsi, OM/KM;

Metoarka pacuera COIPOTUBICHUI KOH-
TYpOB IIPOBOI-3¢MJIsI M B3AaUMHBIX COITPOTUB-
JICHUI MeXIy HUMHU, OTMEUECHHBIX HIDKHUM
JIBOMHBIM MHIEKCOM, M3JI0XeHa B [5].

Hng omnpenelieHUs TOKOB B YKa3aHHBIX
MPOBOJAX HEOOXOIUMO COCTABUTh U PEIINTH
CHCTEMY YPaBHEHUI C CEMBIO HEM3BECTHBIMH.

ITageHnst HATIpsDKEHWST B TTapaJuIeIbHBIX
npoBoaax paBHEI. CliemoBaTelbHO, MOXHO
3aINCaTh:
AU, =AU ;;AU,

e

=AU AU

ap?

—AU AU

P =AU,
HpI/IpaBHSIB IIpaBbIC YaCTU 3TUX BbIPAXKC-
HUIA U CTPYNIUPOBAB MOIOOHbBIE WIEHBI, TTO-
JlydaeM 4YeTbipe ypaBHeHMUs. ISt monydeHus
IIATOr0 YypaBHCHUA IPCAITIOIOXKHNM, YTO Ha-
I'py3Ka KOHTAKTHOW CETU U YCHUJINBAIOLICTO

MPOBOJIA IIEPBOTO MyTH paBHa enuHuIe (1, =1).
B aToM ciywyae mpu paszaeibHOM MUTAHUU

yTe UMeeMm:
im +iy1 =1,

IMockonbKy paccMaTpuBaeTCst peskuM, TIpu
KOTOPOM Ha BTOPOM TYTH HAarpy3Ku HeET
(1,=0), TO IECTOE ypaBHEHUE UMEET BUJL

i, +1y2 =0.
Bung cenpbmMoro ypaBHEeHUS 3aBUCHUT
oT HpHHHMaeMOﬁ BCJIMYMHBI MEPEXOTHOTO

COMPOTUBIICHUST MEXIY PEIHCOM U 3eMJICH.
Paccmotrpum nBa kpaitHux ciyvasi: Z,, =0 u

Z,,=%. O4eBUaHO, YTO TIPUIETCS pellaTh

JIBE CHUCTEMBI YPAaBHEHU, a 3a PE3yJIbTUPY-
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I0lllee CONPOTUBIICHUE TSITOBOM CETU MPUMEM
cpenHee apudMeTnIecKoe ABYX IMOJTydeHHBIX
3HAYCHUM.

Z,, = O3HAYAECT, YTO PEJIbC U30JIUPOBAH

OT 3€MJIM U BECb TSTOBBIN TOK BO3BpalacTcAa
MO pesibcaM M 3KPaHUPYIOMIUM TIPOBOLAM.
HpI/I O9TOM 3anMuieM cCjacayromee c€aAbMo¢C
YpaBHCHMHC!

L+L,+L,=1.

Ipu Z,,

TSITOBOTO TOKa CIYXHUT 3eMis. B peabcax
1 9KPaHUPYIOIINX ITPOBOIAX TOKW BOSHUKAIOT
BcaeacTBue HaBedeHUs B HUX DJIC Tokamu
B Apyrux nposojax. CoOOTBETCTBYIOLIUI TOK,
HaIpUMep, B 3KBUBAJICHTHOM peJibce JABYX
nyTeil paBeH:

=0 O6paTHI>IM OpoOBOAOM JJIsd

Zo o1, +Z,1,-Z, 1

Lnoopln2 T Eyaoply2 T E529pla2

 Zuaha + Zyly = Znls

niop i yioptyl ~ Loroplor T
p Z

Cucrema ypaBHEHUI TIpU Z,, = HMeEeT

BU:

(an_znlyl) I+ (anyl _Zyl) iyl' (anal_zylal) 131+
+ (Zn1n2 —n2yl) In2+ (anyZ_ZnyZ) iyz_

- (anafgylﬁ) I Z"bp Zylap) 131):0;

° (anal—znlsp) im_ (Zylal _Zylap) iy1+ (Zal_galap) 131'
(2 Zio ) (2 o)1
(2 Zn) 1 (20072,) 1 0

4 Iz, _ylyz)l (Zp 1) I+

=nlm2 —nly2

(;nz Zn2y2) I + (Zn2y2_;y2) iyz_

i (Z"232_Zy292) i32_ (Z“bp—élap) isp=0;

- (Zn]af;nlap) inl- (Zylaz-zylap) Iy1+ (29192-;3191)) 131-

- (anafznbp) inz- (Zy232-gy23p) iy2+

(Zaz 23239) ioz Z32313 ZGD) i3p=0;

I+, +0+0+0+0+0=1;
0+0+0+,,+1,,+0+0=0;
0+0+1,,+0+0+1,+1,,=1.

®)

Ipu Z,,, =0 u3MeHeHUe MPETEPITUT TOJIb-
KO ITOCJICAHEC YPAaBHCHUC!
_anapinl ZylrapIyl + Zalaplal
Lo =Z 1, + 2,1, +2, 1, =0.

Zn2sp n2  Z=y2apty2 " =o29p a2 T Zopiop

Peliiast JaHHbIE CUCTEMBI YPaBHEHMIA, 1O~
JIy9UM TOKOpacHpejeeHue Mo MpoBoaaM
TATOBOI CETU IPY pa3iaeJbHOM ITUTAHUU ITy-
Tell ¥ YCIOBUU, YTO HArPY>KeH TOJIbKO OIUH
(riepBbIit) TIyTh. Ilpu 3TOM K03(hDuUIIMEeHTHI



Ta0umua 2

ConpoTtusiieHHe 0AHOro MyTH cucteMbl ¢ DYII u B3anMHoe CONPOTHBIIEHHE IBYX IMyTeil

Tarosas MepexoaHoe conpoTus- |Z;, OM/km |Z, |, Om/km | Z, ., OMm/km | |Z |, OM/km
CeTb neHve
25«kB Z = 0,214+j0,449 0,498 0,055+j0,175 (0,184
Znep=0 0,189+j0,405 0,447 0,030+j0,131 |0,134
Z, 0,201+j0,427 0,4725 0,042+j0,153 |0,159
25kBc YN Z = 0,141+j0,348 0,375 0,054+j0,155 (0,164
Znep=0 0,115+j0,300 0,321 0,028+j0,106 (0,110
o 0,128+j0,324 0,348 0,041+j0,131 |0,137
25 kB Znep=oo 0,121+j0,242 0,271 0,031+j0,063 |0,070
covn
Znep=0 0,107+j0,228 0,252 0,017+j0,049 |0,052
z, 0,114+j0,235 0,2615 0,024+j0,056 |0,061
pacnepeacacHuA TOKa II€PBOIo IIyTH 110 ITpo-
(K e K —a, Ko e K )
BOJaM PaBHBI AU= i+
. . gyZISyZ -a 2K3 _g?plsap
K.,= I.L‘, K, = I.il, K, = I.il; +a, K, +a,K,-a,K,+a,K, +
I, . I, .
+2,K, —a,K, -2, K ), (10)
K.= I, _ ILZ K. = Iiz :Ii rae a, = (an _anap); a, = (anyl _Zylap);
) Il s y2 Il > =22 Il > =9p Il
P (b(b &31 = (anal _Zalap); gnZ = (annz _anp);
€3yJIbTaThbl pacye€Ta KO3 NIIMUEHTOB
gyZ = (anyz _thp); g32 = (Zn132 _Zahp);

TOKOpAaCIpeIeIeHNs UTs yKa3aHHBIX Ha puc. 1
PAaCCTOSTHMIA MEKTy IIPOBOAMU MPH MTOIBECKE
INIBCM-95 + M®-100, peancax P-65
uy,= 0,01 Om/M npuseneHsl B Tabnuie 1.
JI71s1 omipeiesIeHUsT TTOJTHOTO COMTPOTUBIIE-
HUSI TSATOBOI CETU BOCIIOJIb3YyeMCsI TTaJIeHUEM
HATpPSIKEHUsT B KOHTYpE «3KBUBaJIEHTHBIN
MPOBOJ — PEJbCH:
AU=AU_ +AU,,.

(€))

TMoncTaBuM B 3TO ypaBHEHME ITpaBble YacTu
BoipakeHuii (1) u (7). I[pu 3TOM ucnonblyemM
MeTos HanoxkeHust. OueBUIHO, UTO MPU OTCYT-
CTBMM Harpy3Ku Ha MepBOM MYTU U €€ HaTUIuu
Ha BTOPOM TOKHU pacipeaesisitoTcs Mo MpoBoJaM
B COOTBETCTBUMU € KOG PULIMEHTAMU TaOIULIbI
1, Y KOTOpBIX CJieAyeT MTOMEHSITh MeCTaMU HO-
Mepa nyteii. bosee Toro, KoadduieHTb OyayT
CHpaBeAJIUBbI U JIJIs clydasi Harpy3Ku 00ouX
nyteit. CiiegoBarebHO, MOXKHO 3aIucaTh;
inl :Kn]i] +L<nzi2; in? =KnZil +Knli2;

I

K. I+K,i; 1

a =K L +K,L; KL +K L;

v2 =Bl TRy,

i31 = L(alil + ngiz; 132 = KsZil + L(31125
I, =K, I +K,I,

[MoxcraBuB 3TH BhIpakeHUS] B (DOPMYITBI
(1) u (7), mocie mpeobpazoBaHus BMeCTO (9)
TTOJTyYUM

a,, = (anap _Zap)'
BrlpaxkeHne B CKOOKax MpU I, MOXHO

Ha3BaTb IMOJHBIM CONPOTUBIEHUEM OIHOIO
IyTH ABYXIIYyTHOIO y4acTKa IpY pa3aebHOM
MUTAaHWY TTyTeil 1 0003HAYUTD €T0 Z, . Bripa-

JKEHHE BO BTOPBIX CKOOKaxX IMPEeACTaBISICT
c000ii B3aMMHOE COTIIPOTHUBJIEHUE IBYX ITyTEiA.
O6o03HauuM ero Z,,, . Torma

Zosnn

AU=iz,+1, Z

OBII «

3Hag Ko3(hOULMEHTHI pacrpeaeaeHus
TOKOB IO IPOBOJIaM U 3HAYEHMSI COIPOTUB-
JICHU TIPOBOJOB M B3aMMHON MHIYKIIUK
MEXKJ1y ITPOBOJAMU, MOXKHO pacCuMTarh Z, U

Z

Zosnm *

[MpemtoxeHHbIE METOAMKHY OTIpeIeIeHUS
TOKOpacIpeneIeHUs 10 TIPOBOIaM W COTIPO-
TUBJICHUSI CUCTEMBI 2JTEKTPOCHAOKEHUS
¢ DVII moryT ObITb UCTOJIL30BAHbI U MPU
HMCKITIOYSHUH JTI0O0TO ITPOBO/IA MTU HECKOJTb-
KHUX TIPOBOJIOB M3 MHOTOITPOBOTHOM TSTOBOM
ceTu. [ig aToro B cucreMe ypaBHeHUi (8)
JIOCTAaTOYHO yOpaTh CTOJOIBI C TOKAMM
B MCKJTIOYaE€MBIX MIPOBOJIaX Ha TIEPBOM U BTO-
POM TIYTSIX ¥ CTPOKM, YIYUTHIBAIOIIUE WX WH-
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JOYKTUBHYIO CBSI3b HA 000MX MYTSIX C IPYTHMMU.
B Beipaxkenuu (10) ciaemyeT IpUHATh KO3(D-
GULIMEeHTBI pacipeaeJeHUs TOKa B OTKIII0YA-
eMoM IpoBoje K, =0. Hanpumep, 1j1st cucre-

MBI 25 kB nmeem:
Zo = gnllsnl + gnZISrﬂ -a, K

Sop=3p ,

an

Zogn =28, K, +a,K, -a K . (12)

®opmyier (11) u (12) oTInyaroTcs OT pa-
Hee U3BECTHBIX [5] y4eTOM BIMSIHUSI HAaBEAEH -
HBIX TOKOB Ha BTOPOM IIyTU OT Harpy3Ku
Ha TIepBOM ITyTH Ha COMPOTUBIIEHUE OJHOIO
MePBOIo MyTH ABYXITYTHOM JIMHUM.

PacueTsl 1151 yKa3aHHBIX UCXOIHBIX TaH-
HBIX OBLIW IPOBEACHBI JJII CUCTEM JIEKTPO-
cHabOxeHus1 25 kB, 25 kB c YITu 25 kB ¢ OYII.
PesyabraThl NpuBeaeHbl B TA0OIULIE 2.

AHaIM3UPYs pe3yJIbTaThl paCUeTOB, BUIHO,
YTO J0JISI TOKA B IIPOBOJAX KOHTAaKTHOM CeTH
M YCWJIMBAIOIIMX ITPOBOJAX HE 3aBUCUT OT Be-
JUYUHBI MEePEeXOIHOTO CONPOTUBIECHUS
«peibc—3eMist». TOKM B pesibcax v 3KpaHUpy-
JOIIMX ITPOBOJIAX 3aBUCST OT 3HAYCHUSI Iepe-
XOIHOTO CONPOTUBICHUST. OTMETUM U TO, UTO
HaBelleHHbIC TOKM Ha BTOPOM ITyTH B SKBMBa-
JIEHTHOM KOHTaKTHOM U YCUJIMBAIOIIEM ITPO-

BOJIaX MMEIOT IIPOTHBOIIOIOKHOE HAIlpaByie-
HMUE.

Pesynbrarhl TaGIMIIBI 2 TTO3BOJISIOT YTBEP-
XKJIaTh, YTO MEPEXO] OT OOBIYHOM CUCTEMBI 25
kB k cucteme ¢ YI1 cHUXaeT conpoTuBIeHNE
OJIHOTO ITyTU ABYXITYyTHOI'O Y4aCcTKa Ha BEJIM-
yyHYy nopsiaka 26%, a x cucreme ¢ DYII —
Ha 45%.

IMepexon ot cucremnl ¢ YII k cucreme
¢ OVYII gact cHUXXeHMe CONTPOTUBIICHUS TTPU-
MepHO Ha 25%.
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ABSTRACT

The article describes a method for calculating
current distribution in wires of multiwire AC electric
traction network. Formulas for determining the
resistance of one track of a multiwire electric traction
network of a double-track line and mutual resistance
of wires of two tracks with account of induced currents
in the wires of the second track are proposed, enabling
in the calculation of modes of power supply to use the
software for a25 kV system. The resulting equations,
referring to the conditions of electric traction network
with screening and reinforcing wires provide an
opportunity to apply them in exclusion of any wire or
several wires of available multiwire complex.

ENGLISH SUMMARY

Background. To improve the efficiency of power
supply of railways, electrified by 25 kV AC system,
it has long been proposed to use a reinforcing wire
(RW), connected in parallel with overhead catenary
[1]. Prior to that, in the North-Caucasian railway in
the late 1970s an option has been implemented
with screening and reinforcing wires (SRW) [2].
It became an analogue to the system, previously
developed in Japan, where in order to reduce the
magnetic flow between catenary and rails (and thus
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induced resistance of electric traction network greatly
reduces) a coaxial cable was applied. At the same
time catenary is connected to a cable core and rails
to its sheath.

Capital cost savings involve in such cases the
gradual expanding capacity of power supply system
[3]. In the first phase electrification is focused on
extension of the distance between substations.
Depending on the traffic growth the order of the next
phase of ampilification (RWor SRW) and its completion
date are determined [4].

Objective. The objective of the authors is to
present a method for calculating current distribution
in wires of multiwire AC electric traction network.

Methods. The authors use mathematical
methods and analysis.

Results. For calculation of modes of operation
within RW or SRW systems it is sufficient to determine
electric traction network resistance of their power
systems. The task may be performed using software.

In a system with SRW location of wires of
circuit overhead catenary (K and T) is ordinary and
corresponds to the used 25 kV system. Location of
other wires with distances between them, adopted
in the project, is shown in Pic. 1.
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Pic. 1. Location of wires on a double-track line.
Keys: ¥,, ¥, - reinforcing wires of the first and the second tracks; 3,, 3, — screening wires of the first and the
second tracks; KI,, KI1,— contact wires of the first and the second tracks; HT ,, HT , — suspension wires of
the first and the second tracks; P, P, — single rails of the first track; P,, P, — single rails of the second track;

n,, 1, — equivalent wires of the first and the second tracks; P

»» Ps,— €quivalent rails of the first and second

tracks; P, — equivalent rail of both tracks.

A screening wire (3) on one insulator is
suspended to traverses from a land side of bearng
supports (closer to them), while the reinforcing
wire (¥Y) is suspended on a garland of three or four
insulators at the minimum permissible distance
in terms of isolation.Screening wire is connected
in parallel to the rails through zero points of track
impedance bonds through two inductive bonds to
the third inductive bond or through the ground if
individual ground wires are used. The reinforcing
wire is connected with catenary in three points on
suspension points on one constant tension section.

To determine the values of the currents flowing
through the wires of electric traction network, we
introduce the expression for the voltage drops with
account for directions of currents.

AU =Z, I 1+ Zn]leyl ansll + annZI 2t
+any21y2 anaZI 2 anapiap ; (1)
AU Z“,ylln, + Zy]Iy] Zylallal + ZnZlenl +
+ZylyZIy2 ZylaZIaz _Zylaplap ; (2)
AU nlslInl Zy]allyl +Z, I analinZ

Zy2311y2 + ZalaZI + Zalsplap ; (3)
AU = ann21 + Zn2y11 Zn2311 + anl +
+Zn2y2ly2 _Zn232132 _Zn23p13p ; (4)
AU anyZInl +Zyly21yl Zy231131 + ZnZyZInz
+Zy21y2 Zy232132 Zyzaplap ; (5)
AU anaZI 1 ZylaZIyl +ZalaZI 1 Zn2321n2

Zy2321y2 +Z, I +Z323p13p ; (6)

i,+2,.1,-2 .1

ylap Tyl =slap al n2sp n2 -

AU, =-Z,.1.,-Z

ap =nlap nl

Zy X+ 2 1, +Z, 0

y2ap y2 T Sa2sp a2 T Soaplap?

where AU,,AU,,AU,,AU, AU , AU ,,AU,

o s B y2 929

(7)
are

voltage drops across 1km of the length of respective
contours which are: equivalent wire of the first track —
ground, reinforcing wire of the first track — ground,
screening wire of the first track — ground, equivalent
wire of the second track — ground, reinforcing wire of
the second track — ground, screening wire of the
second track — ground, equivalent rail — ground, V;

L, Ly, 1, L,, I, —currents in respective

L, lyl’ 10 n2s

wires, A;
Zz..Z.,.2.,2.,2,2, Z

n> £y S50 En2o y22 =92> Zoap

contours of respective wire-ground, Ohm / km;

Methods for calculating resistance of contours wire-
ground and mutual resistances between them, indicated
with double suffix number, are described in [5].

To determine the currents in these wires it is
necessary to formulate and solve a system of equations
with seven indeterminates.

Voltage drops in parallel wires are equal.
Consequently, it can be written as:

AU, =AU, AU _AU AU —AU AU

— resistance of

=AU,

Equating the right sides of these expressions and
grouping similar terms, four equations are obtained. For
the fifth equation we assume that the load of catenary and
reinforcing wire of the first track is equal to one (1, =1).
In this case, for separate power supply of tracks we have:
L, +1,=1.

Since the mode without load on the second track is
considered( 1, =0) , then the sixth equation is

i,+ iyz =0.
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Table 1

Coefficients of the current distribution by wires when there is a load on one track

Znep:Do Znep:0
K, 10,570+0,018|=0,570 [0,569+j0,018|=0,569
K, 10,430-j0,018=0,430 [0,431-j0,018|=0,431
K, 10,330+0,044=0,333 [0,277+j0,059|=0,284
K, |-0,036-0,016|=0,040 [-0,037-j0,016|=0,040
K, 10,036+0,016|=0,040 [0,037+0,016|=0,040
K, |0,166-j0,007|=0,166 [0,113+j0,008|=0,114
K, 10,504-j0,037|=0,506 [0,359+j0,012|=0,359

Type of the seventh equation depends on the taken
value of transient resistance between rail and ground.
The authors propose to consider two extreme cases:
Z,,=0 and Z,,=x. Obviously, two systems of

equations should be solved, and an arithmetic mean of
two obtained values will be taken for the resulting
resistance of electric traction network.

Z.., =® means that a rail is insulated from the

ground and the entire traction current returns along the
rails and screening wires. The seventh equation will be:
L,+1, +lgp =1,

When Znep = 0, ground serves as a return wire for
traction current. Current in rails and screening wires
appears due to EMF induction caused by current in other
wires. Corresponding current, forexample, in equivalent
rail of two tracks is:

_ anaplnl JrZylaplyl Zalaplal +Z

= Z

Lop

i,+Z, 0,-Z, 1

Lndop n2 T Eyaoply2 T Lodopla2

System of equations when Z,,, =% takes a form:

(;nl anyl) L (anyl -Zy.) iyf (anal';ylal) ial+
+ (Zn]nZ_Zrﬁyl) i"2+ (anyZ_Zylyi) iyz'

) (anafgylﬁ) L (anap_zylap) iap:();
B (Zulol_zulap) i,,l' (Z,m‘zybp) iy1+ (Zol -Zalap) igl‘

- (Zrﬁal _anap) inz_ (Zy23|_zy23])) iy2+

(2 Z) 1 * (2,0,2,) 1 =05
o Zy B Zo)L - B Zio) 1,
(z“2 Z o) 1+ (Zr2,)] I
B (Zn232-zy232) 132' (anp-ZyZap) l,p=0;
- (anafgnlep) im' (ZylaZ-Zylap) iyl+ (Zslaz-galap) i,,'

- (ZnZaz-ansp) ],.,2— (Zyzaz';yzap) iy2+
(Z32 ZaZap) 132+ (Zabp_gsp) 13p=0;
l+l +0+0+0+0+0=1;
0+0+0+1,,+1,,+0+0=0;
040+, +0+0+i,,+i,,=1.

(8)

When Z,., =0 only last equation will change:
_anapinl ZylapIyl +Z313p131 ZnZapinz -
Zyzgply2 + Z323p132 + Zaplgp 0.

Solving these systems of equations, we obtain
the current distribution by wires of electric traction
network with a separate power supply of tracks,
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provided that only one (the first) track is loaded. The
coefficients of the current distribution of the first track
through wires are:

i I i,
Kn] :iil’ Ky] ='Ll; IS3| =71’
1 1 1
i i i i,
anziizy L(yz:iLz, L(gzz -27K3p= ip
1 1 1 1

The results of calculation of the coefficients of the
current distribution for distances between wires
shown in Pic. 1 when suspension is [T6CM-95 + M®-
100, rails are P-65 and y, = 0,01 Ohm/m are shown

in Table 1.

To determine total resistance of electric traction
network, we will use voltage drop in the contour
«equivalent wire — rail»:

AU=AU, +AU, . (9)

We will substitute right sides of expressions (1)
and (7) in this equation. Method of superposition is
used. Obviously, when there is no load on the first
track and it is present on the second track currents
are distributed by wires in accordance with the
coefficients in Table 1, but numbers of tracks must be
transposed. Moreover, the coefficients will be valid for
the case when there is load on both tracks. Therefore,
it can be written:

i =K 0 +K 0 0, =K,i+K, i,
I, =K, +K,L;  1,=K,I +K,iy;
=K, 0 +K,b; 1, =K,i +K i

L,=K, L[ +K_I,.

Substituting these expressions in formulas( 1) and
(7), after transformation instead of (9) we will obtain

AU = a, K, +a K, -a K, +a,K, + i
+
+a,K ,-a,K ,-a K

Ly T pfsp

+a,K,+a,K ,-a K, +a,K, +

+a,K  -a K, —a K )i, (10)
where a,, =(Z", ~Zoi): a,=(Zuy =2, )5
3, =(Zus~Zn)s 80 =(Zuwo ~Zo )
3,=(Zun -2y ) 30=(Za=Zoy);

4, = (anp - ZSP)'

Expression in brackets when we use 1, can be
called total resistance of one track of a double-track
section with separate feeding of tracks and it can
be denoted as Z,. Expression in second brackets



Table 2

Resistance of one track of a system with SRW and mutual resistance of two tracks

Electric traction | Transient Z,, Ohm/km |Z,|,0hm/ |Z . Ohm/km ||Z |, Ohm/km

network resistance km

25 kv Z o p=® 0,214+j0,449 0,498 0,055+j0,175 0,184
Z,.,=0 0,189+j0,405 0,447 0,030+j0,131 0,134
Zcp 0,201+j0,427 0,4725 0,042+j0,153 0,159

25kVwithRW | Z =0 0,141+j0,348 0,375 0,054+j0,155 0,164
z =0 0,115+j0,300 0,321 0,028+j0,106 0,110
z, 0,128+j0,324 0,348 0,041+j0,131 0,137

25 KV with SRW |Z,_ = 0,121+j0,242 | 0,271 0,031+j0,063 | 0,070
Z,.,=0 0,107+j0,228 0,252 0,017+j0,049 0,052
z, 0,114+j0,235 0,2615 0,024+j0,056 0,061

represents mutual resistance of two tracks. It can be
denoted as Z,,,, . Then

AU=1Z,+1, Z

Zosnn .

Knowing coefficients of current distribution by
wires and values of wires’ resistance and mutual
induction between wires, Z, and Z,,,. can be

calculated.

The proposed methods for determining current
distribution over wires and resistance of power supply
system with SRW can be used also in case of exclusion
ofany wire or of several wires from a multiwire electric
traction network. In order to proceed with that
operation it is sufficient to remove within the system
of equations (8) the columns with currents in the wires
excluded on the first and second tracks and lines that
take into account their inductive relation on both
tracks with other wires. In the expression ( 10) we will
take coefficients of current distribution coefficients in
the deenergized wire as K, =0 . For example, for a

25 kV system, we have:

Zo =gnlI$nl +§nZISn2 _gapK

op

(11)

Zygnn =2, K, +a,K,  -a K . (12)

Conclusions. Equations (11) and (12) differ
from previously known [5] as they take into account
the influence that the currents at the second track
induced by the load at the first track produce on the
resistance of one first track of a double-track section.

Calculations for the specified source data were
performed for power supply systems of 25 kV, 25 kV
with RW and 25 kV with SBRW. The results are shown
in Table 2.

Analyzing the results of the calculations, it is
clear that the portion of current in wires of overhead
catenary and in reinforcing wires is independent of
the transient resistance «rail — ground». Currents
in rails and screening wires depend on the value of
transient resistance. It should be noted also that
the induced currents at the second track in the
equivalent contact wire and in the reinforcing wire
have the opposite direction.

The results in Table 2 allow declaring that the
transition from a conventional 25 kV system to a
system with RW reduces the resistance of one track
ofa double-track section by about 26%, and transition
to the system with SRW reduces the resistance by
about 45%.

Transition from a system with RW to a system with
SRW will decrease resistance by about 25%.

Keywords: railway, multiwire electric traction network, AC, resistance of wires, current distribution,

calculation methods, mathematical apparatus.
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|

B cTaTtbe uccnenyercsi 3akoH
pacrnpegeseHnsi BeposiTHOCTEN
cJ1ly4ariHOV BeJINYNHbI Ha npumepe
BpeMeHU peakymun Ha noctynaioLwjme
3anpocsl B LLeHTpe 06paboTku
AaHHbix (UOA), npeacTtaBieHHOM Kak
cucTtema MaccoBOIro 00C/yXXUBaHus.
Ana peweHns nocTtaBeHHON

3agayun aBTop npoBepsieT

runotesbl 06 3KCMNOHEeHUNaIbHOM
pacnpegeneHnn, UCroJsib3yeT B CBOeM
uccsie40BaHNUM MOJIOXKEHUs Teopun
MacCcoBOro o06Cny)XuBaHus U MeToabl
UMUTaALNOHHOIO MOLEJINPOBAaHUS.
Mony4yeHHbIe Npu 3TOM pe3y/ibTaTbl
AaloT BrioJsIHe 060CHOBaHHbIe
opueHTUpbI nosb3oBaresnam O

Y BOBMO)XHOCTb COOTHOCUTb PacyeTHbIe
BeJINYUHbI C [eiCTBYIOLNMU
CTaHgapTaMu v pacTyLuMu
noTpebHOCTIMU CUCTEMbI.

KnioveBbie croBa: Teopusi MaccoBoro
obcnyXnBaHUsl, TEOPYISI BEPOSITHOCTEM,
LieHTP 06paboTku AaHHbIX, pacrnpegeneHve
BEPOSITHOCTEV CJ1yHariHOM BEJINYUHbI,
Bpewms peakunn, MmoaesipoBaHue.
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BOIPOCHI TEOP

O 3akoHe pacnpepeneHus
BEpPOSATHOCTEMN cay4yamnHoMm
BE€JINYUHDI

3omoea Mapuna Arexcandposna — mexHonoe

1-i1 Kameeopuu nPoeKMHO-KOHCMPYKMOPCKO-
MexHoA02UUecK020 610po no CUCmemam
ungopmamuzayuu (I[IKTE L[KH) OAO «PXX/]»,
acnupanm Kageoput «Boruucaumenshas mexnuxa»
Poccutickoti omkpbimoi axademuu mpancnopma
Mockosckoeo eocyoapcmeentoeo yHugepcumema
nymeti cooouwenus (MUUT), Mockea, Poccus.

eHTp o0paboTku maHHbIX (LIOJ)
paboTaeT Mpu CIydaliHOM MOTOKE
3arpocoB Ha 00PabOTKy M cydaii-
HOM BPCMEHHU UX BbITToJHEeHUs. MccienoBa-
HUSsI, TPOBEICHHbIE paHee, TTO3BOJISIOT MPe/I-
craBuTh LIO/] Kak cucTeMy MaccoBOTO 00CITy-
xuBaHusg (CMO) tuna M/M/1/x©. B10
YCJIOBHOE 0003HAUYeHME O3HAYaeT MPOCTeii-
UK BXOMHOM MOTOK, SKCIIOHEHIIMAJIbHOE
pacmpeaesieHue BpeMeHU 00CIyKUBaHUS,
OJHO OOCIyKMBaloOlllee YCTPOMCTBO, OECKO-
HEYHbI BXOJHOUN MOTOK, TP KOTOPOM BEPO-
SITHOCTB ITOCTYTIJIEHUSI HOBOTO 3aMpoca He 3a-
BUCHUT OT TOTO, CKOJIbKO YK€ UMEeeTCs 3aIpo-
coB B cucteme. Pacuer BpeMeHM peakuuu
IO — BpeMeHU OT MOMEHTA TTOCTYIIJICHUS
3arpoca B CUCTeMY M3 BHEIITHEH cpebl — 10-
CTaTOYHO COTJIACYeTCs C 9KCIIEPUMEHTAIbHbI-
MM TaHHBIMH, TTO3TOMY MCKaTh OTBET Ha BO-
npoc o coorBeTcTBUU padboThl LIO/ TpeboBa-
HusM crangapra ITIL [1] cnenyeT, onupasich
Ha pa3HooOpa3Hbie Mogean CMO.
HccnenoBanus meproaa co3aaHus caMbIX
MEePBBIX YEJIOBEKO-MAIIMHHBIX CUCTEM, B KO-
TOPBIX YEJIOBEK Pelliajl CBOM 3aauM B PeKMMeE
JIrayiora ¢ MalllMHOM, TTOKa3aJu, YTO Y TOJIb-
30BaTeIsl BOSHUKAIOT OTPULIATEIbHBIC SMOLIN
B TOM cJly4yae, eCJid BpeMsI OTBeTa MPeBbIIIacT
2 cekyHnpl [2, 3]. Cranpapt LIO moapasyme-



BaeT, YTO BEJUYMUHY JOITYCTUMOTO 3HAUYCHUS
BPEMEHHU peaKkIuy pa3paboTYMK COIJIACOBbI-
BaeT C 3aKa34YUKOM CHUCTEMBI [1].

B cuny Toro, uto BpeMs peakuuu LHOJI —
BEJIMUMHA CJIy4yaifHasl, OLICHUBATh €r0 Ha MO-
eIM MOXHO JIUIIb KaK CpelHee 3HAaUeHUE.
[Tpuyem HEOOXOAMMO UCITOIB30BATh METOIBI
TEOPUU MAaCCOBOTO OOCITYy>KMBAaHUS U UMUTA-
LIMOHHOTO MOJIEJTMPOBAHMSI, YTOOBI ITOJTYIUTh
BEPOSITHOCTD TOTO, UTO BPEMSI OTBETA ITPEBbI-
CUT Hamepen 3aJaHHYI0 BEJIMYUHY MaKCH-
MaJibHO JOIYCTUMOTO BPEeMEHHU PEaKIUM,
MpeayCMOTpeHHYI0 cTaHnaptaMu. Eciau mpu-
MEHUTHh Monelb M/M/1 /o, To TOorma 3aKoH
pacnpenesieHUus BEPOsITHOCTEN ClydaliHOM
BEJIMUMHBI — BPEMEHM MPEeOBIBAaHUS 3aIipoca
B CUCTEME, OIIPEACIIEMON KaK CyMMa ClIydai-
HBIX BpeMeH TIpeObIBaHUs B OYepeau U co0-
CTBEHHO BPEMEHM OOCIYXHUBaHUS, MOXET
OBITh IPUMEHEH, UCXOMS U3 CICAYIOIINX CO-
oOpaskeHUIA.

Ecnm 3anpoc nocrynaetr BCMO u 3actaer
€€ CBOOOIHOI ¢ BEPOSATHOCTBIO p,, TO TOAA
BpeMsI MpeObIBaHMSI B CCTEME €CTh CITyJaiiHast
BEJIMYMHA, UMEIOIAsl 3KCIIOHEHIIMAJbHOE
pacrpeneneHue ¢ -TlapaMeTpoM BpeMeHU
00CIyXMBaHUS, TOCKOJbKY UMEET MECTO
00paboTKa MOCTYIUBILIETO 3a1poca.

Ecnm 3anpoc nocrynaetr B CMO u 3actaer
B HEli OIMH 3aIIpocC Ha 00CTyXMBaHNUE C BEpO-
ATHOCTBIO p,, TO TOIA BpeMsl NPeObIBAHUSA
B CHUCTEME eCTh ClIyyaifHasl BeJIMYMHA, IPe/-
CTaBJISIIONIAS U3 CEOST CYMMY IBYX 9KCITOHEH-
LIMATbHBIX BEJIMYMH C [I-ITapaMeTPOM BpeMe-
HU obcayxkuBaHus. [lepBasg — ocTtaTok Bpe-
MEHM J00OCIyXXMBaHUS TOrO 3aIpoca, YTo
OBLT HAa OOCTY>KMBAHUM B MOMEHT MOCTYTLJIE-
HUsI, BTOpasi — 00CIy:KBaHKE BHOBD ITOCTY-
MMUBILIETO 3ampoca. M3 Teopun BeposiTHOCTe M
M3BECTHO [4], 4TO B Clly4yae 3KCIOHEHIIMAIb-
HOTO pacIipeie/IeHUSI OCTaTOK BPeMEHU J000-
CIYXKMBaHUS MMEET TO XKe CaMOe SKCITOHEH-
1IMaJIbHOE pacmpenejeHue ¢ TeM Ke CaMbIM
mapameTpoM L. CienoBateabHO, pacipeaese-
Hue BpeMeHu npedbiBaHusg B CMO 3n1ech ecThb
pacripeaeneHue DpiaHra 2-ro rnopsiaka [5].

Ecnm 3anpoc nocrynaetr B CMO u 3acTaer
B Helt i 3a1pocoB (OIMH Ha OOCTy:KUBAaHUU,
(i-1) B ouepenn) ¢ BEPOATHOCTBIO p, TO TOTA
BpeMsI MpeObIBaHMSI B CCTEME €CTh CITyJaiiHast
BEJIMUMHA, TIPEICTABIISIONIAs U3 Ce0sI CYMMY
(i+1) PKCIIOHEHIIMAIBHO paCIpeaeIeHHBIX
CIyJaiHBIX BEJIMUMH C || — ITapaMeTPOM Bpe-
MeHu obcnyxuBaHus. [lepBasg — ocTaTok

BPEMEHU JO00CITy>KMBaHUS TOTO 3aIIpoca, UTO
OBbLI Ha OOCTY>KMBAaHUU B MOMEHT IOCTYILIE-
HUSsI, OCTaJbHbIC — O0CTYKMBaHUE 3aIIPOCOB,
BBIOpAHHBIX U3 OYepear, U BHOBDb ITOCTYITUB-
mrero 3arnpoca. M noobcinyxuBaHue, 1 00CIy-
JKMBaHWE MPUHSATHIX 3alIPOCOB M3 Ouepenu
€CTh ClIydaiiHble BEIUYMHBI, UMEIOIINE K-
CIIOHEHIIMAJIbHOE paclpeaeicHue ¢ OTHUM
U TeM Xe TmapaMmeTpoM y. CiemoBaTebHO,
pacmpeneeHUe BpeMeHU IMpeObIBaHUS
B CMO B 3TOM cllyyae ecTb paclipeaesieHue
Opnanra (i+1)-ro mopsaka.

Pacnipenenenue DpnaHra ¢ mopsiikoMm v=
(i+1) u mapamMeTpoMm | UMeeT IUIOTHOCTh pac-
npeneseHus BeposITHOCTEN [5]:

f) = (ut) e/ (v-1)!, £20, v>0. (1)

W 3Ha4uT, TJIOTHOCTH paclpeaeaeHus
BEPOSATHOCTEN CIIy4yallHOI BEJIMYMHBI — Bpe-
MeHu npedbiBaHus 3anpoca B CMOf (1)
BbIpaxkaeTcst (POpMYJIOii:

ocacion®) = 2 ua(uat) e/ (v=1)L,1 > 0.
i=1

)

CyMmMHpoOBaHue MPOBOAUTCS OT 1 10 Gec-
KOHEYHOCTH, Tockoabky CMO M/M/1/x
nmojydyaeT 0€CKOHEYHBIA BXOIHOM ITOTOK,
CJIen0BaTe/IbHO, TEOPETUYECKN UMEET MECTO
HeHyJIeBasl BEPOSITHOCTb HAXOXKIEHMS CKOJIb
YTOJTHO OOJIBIIIOrO KOJIMYECTBa 3aIIPOCOB.

BeposarHoctu p,, i=0,1,2,3,... BBIYUCIISIOT-
cs 1o opMmyJiaM, MPUBOAUMBIM B TE€OPHU
MaccoBoro oocnyxkuBaHus [5]. Koraa peub
UAET O MOCTYIUICHUM 3aIlpoca B CUCTEMY,
TO CJIE/IyeT TOBOPUTD 00 YCIIOBHBIX BEPOSITHO-
crax p;, i=0,1,2,3,... ¥ TO#l cUTyalnu, 4TO

3aIIpoC BCTPETUT TaM i 3alIPOCOB B MOMEHT
noctyreHus. B ciydae 3aMkHyThiXx CMO 9T
YCJIOBHBIE BEPOSITHOCTU OTJIMYAIOTCS OT CTa-
IIMOHAPHBIX BEPOSITHOCTEW HAXOXICHUS CH-
CTeMBI B cCOCTOSTHMM . OIHAKO, KaK ITOKa3aHO
B [6], mst M/M/1 /o0 BEpOSITHOCTH P; COBITA-

JIal0T CO CTAllMOHAPHBIMU BEPOSITHOCTIMU
HaxoxneHuss CMO B cOCTOSIHUM i.
HetpyaHo yBuIeTh, YTO MCHOJIb30BATH
rpoMo3AKyI0 (opmyny (2) mjis BBIUUCIECHUS
BEPOSITHOCTH TOTO, UTO Cly4yaiiHasi BeTuYMHa
MPEeBBICUT Hamepea 3aJaHHY0, TOBOJbHO
CJIOKHO TPU MHXEHEPHBIX pacueTax, Tak Kak
HE0OXOJMMO BBITTOJHUTh YUCIEHHOE WHTET-
pupoBaHue. [ToaTOMy NpUMEHUM METON
UMUTAMOHHOTO (CTaTUCTUYECKOTO) MOJIE/I -
poBaHus [7]. A UMEHHO BO3bMEM OOILIelIeNe-
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* MOZAENb
TnaM/M/1/6eckorHeuHocTb
*1 EAWHUUA MOAENbHOIO BPEMEHU =
SIMULATE
EXPON FUNCTION RN1,C24
0,0/.1,.104/.2,.222/.3,355/.4,.509/.5,.69/
0.6,915/.7,1.2/.75,1.38/.8,1.6/.84,1.83/.88,2.12/
0.9,2.3/.92,2.52/.94,2.81/.95,2.99/.96,3.2/.97 3.5/
0.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9997,8.0
XTIMETABLE  M1,0,1000,50
INPUTGENERATE
QUEUE
* UMUTUPYEM OBCIYKUBAHUE B CMO
QUEUE  PHASE1 W3MEPEHWE BPEMEHW B ®A3E 1
QUEUE  LINET W3MEPEHVE BPEMEHW B O4EPEAN 1
SEIZE  CMO1  3AHATUE OQHOTO KAHAJIA OBC/TYKMBAHVIA B CMO1
DEPART  LINE1 OKOHYAHVIE U3MEPEHA BPEMEHI B O4EPEAIN 1
OBSLU ADVANCE 1 89 FNSEXPON VMUTALMA OBCNYKUBAHWA B OA3E 1
RELEASE CMO1 OCBOBOXAEHWE OJHOIO KAHANA OBCNYX WMBAHMA B CMO1
DEPART  PHASE1 OKOHYAHWVE U3MEPEHMA BPEMEHW B ®A3E 1
DEPART  SYSTEM OKOHYAHWE N3MEPEHVA BPEMEHW B CUCTEME
TABULATE XTIME
TERMINATE 1
START  10000,NP PA3rOH MOJENN
RESE CBPOC HAKOMNEHHBIX CTATUCTUK
START 10000 OCHOBHOE MOJE/IMPOBAHWNE

PA30OMKHYTOMN Cucrembl MaccoBoro OBCNYKMBAHMA

0. 1 MUIUCEKYHAE PEAIbHOTO BPEMEHW

IKCMOHEHUWANIbHOE PAC MPE AENEHME (CPE  AHEE=1)

189 é, FN$EXPONMYACCOHOBCKWVBXOHOMMNOTOK
W3MEPEHVE BPEMEHW B CUCTEME

rMCTOr PAMMA CYMMAPHOO BPEMEHW

CLEAR

OBSLU ADVANCE  900,FNSEXPON MMUTALIMA OBCNYKMBAHUA B OA3E 1
START  10000,NP PA3rOH MOAE/N
RESET CBPOC HAKOTMJEHHbIX CTATUCTUK
START 10000 OCHOBHOE MOAE/MPOBAHWE
END

Puc. 1. GPSS-mopaenb Ans noay4eHnsi ructorpamMmmabi
BpemeHu peakuynm LJO4.

BYIO CUCTEMY MOJICIMPOBAHUS TMUCKPETHBIX
crnoxHbix cucteM GPSS [8].

Mogaens CMO Ha sa3bike GPSS BoIrssaur
OTHOCHUTEJIIbHO MPOCTO M IIpeacTaBjieHa
Ha puc.1.

CpenHee BpeMsl BBIIIOJHEHMS 3aIipoca
B MariHbpetime LIO coctaBnsieT 0,0189 ¢ mist
BapuaHTa ¢ MPOU3BOAUTEIbHOCTHIO 5939
Mips. B Moaenu 3a enMHUILY BpeMEeHU IPUHSI-
10 0,1 MC, TTO3TOMY TIepBHLIi MTapamMeTp OJIoKa
GENERATE, uMUTHUPYIOIIETO TPOCTEHIINIA
notok 3anpocoB B CMO, paseH 1890 equHu-
11aM MOJIEJIbHOTO BPEMEHMU, a TIePBBIii ITapa-
meTp 610ka ADVANCE, UMUTUPYIOLIETO
BpeMms1 oocayxkuBaHus — 189 exununiam. [pu
TaKuX Mapamerpax Ko3(hGUIIMEHT 3arpy3Ku
00CIYKMBAIOIIETr0 YCTPOMCTBA C UMEHEM
CMO1 TeopeTnuecKku 10JIKeH ObITh paBeH 0, 1.

PesybraThl MO IMPOBAHNS ITOKA3bIBAIOT,
YTO MOJIyYeHHAs SKCIIEPUMEHTAIbHBIM ITyTEM
(MomenupoBaHKMEM) 3arpyskKa yCTpPOMCTBa
FACILITY/UTIL cocrasnser 0,099, To ectb
MPAKTUYECKU PaBHA TEOPETUYECKOIA.

TucTorpamMma ciay4ailHON BEJIMYMHBI —
BpeMEHU MpeObIBaHUs 3allpoca B CUCTEME
OIKMCHIBACTCSI CTPDOKAMMU:

TABLE
XTDME

STD.DEV. RANGE RETRY FREQUENCY CUM. %

209,569 206,684 0
0.000 - 100.000 3808 38.08
60.79
75.91
84.89
90.74

100.000 -
200.000 -
300.000 -
400.000 -
500.000 -
600.000 -
700.000 -
800.000 -
900.000 -

1000.000 -

1100.000 -

1200.000 -

1300.000 -

1400.000 -

1500.000 -

1600.000 -

1700.000 -

1800.000 -

1900.000 -

2000.000 -

2100.000 -

2200.000 -

200.000 2271
300.000 1512
400.000 898
500.000 585
600.000 381
700.000 207
800.000 129
900.000 84

1000.000 46

1100.000 34

1200.000 20

1300.000 10

1400.000 6

1500.000 3

1600.000 3

1700.000 1

1800.000 o

1900.000 o

2000.000 1

21p0.000 o

2200.000 o

2300.000 1
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Tabsmna 1
Beposarnoctu Toro, uro Bpems peakunun 11O/]
oyzaer ne 0o.buie T, npu ko3 dunuente
Harpy3ku 0,1

Koappuum- |panuua, T BeposaTHoCTb

€HT 3arpysku

0,1 <0,0100c. 0,3443
<0,0200 c. 0,5647
<0,0300 c. 0,7145
<0,0400 c. 0,8114
< 0,0500 c. 0,8770
< 0,0600 c. 0,9212
<0,0700c. 0,9462
<0,0800 c. 0,9647
<0,0900 c. 0,9763
<0,1000 c. 0,9834
<0,1100c. 0,9897
<0,1200 c. 0,9930
<0,1300c. 0,9959
<0,1400 c. 0,9975
<0,1500 c. 0,9986
<0,1700 c. 0,9994

CpenHee BpeMs IpeOLIBAHUS B CUCTEME —
209,869, cpeaHe-KBaapaTU4eCKOe OTKIOHE-
Hue (KOpeHb KBaApaTHBIN M3 TUCIIEPCUN)
sroi BesmunHbl — 206,684, Takum oOpaszom,
KO3 dUIMEeHT Bapualuy CIIydaiiHOM BeIr-
YYHbBI IPAKTUYECKU PaBeH 1, YTO MO3BOJISIET
(OCHOBBIBASICh HA YaCTOTAX ITOIMAAaHUs B pa3-
PSLIBI TUCTOIPAMMBbI) CEJIaTh IIPEATIOI0KEHME
0 TOM, 3aKOH pacIipele/IeHIsI BEpOSITHOCTE
cJlydyailiHOI BeJIMUYMHBI — BpEMEHU MpeObliBa-
HUg B CMO — 3KCIHOHEHLIMATBHBII.

[IpoBepka runore3bl 00 IKCIIOHEHLIMATb-
HOM paclpeleleHUU C HOMOIIbIO
¥} — KBajipaTa KpUTEpHUsl IOKa3aa, 4YTo ruIo-
Te3a MOXET ObITb IIPUHSITA C TOBEPUTEIbHOM
BeposSITHOCTBIO (,62269368. DTOT pe3yabTaT
OXMIAeM, TaK KaK OCHOBHOU BKJIA[I B CJIydai-
HYyIO BennuuHy — BpeMs peakuu 11O/ BHO-
CHUT TIepBOe caraemoe B opmyne (2), mpu
9TOM CpeAHee YMCJI0 3allpOCOB B CUCTEME
(110 pe3yabTaTaM MOJIEIMPOBAHMST ) COCTABIISI-
er 0,1, acpennee Bpems B cucreme — 209,869,
YTO HE3HAYMTEJbHO OTIMYAETCs OT YUCTOrO
BpPEMEHU O0CIIy>KBaHMUSI.

PesynbraTel B rpauyecKoM BUOE Mpea-
cTaBjieHbI Ha puc. 2. [IpsIMOYTOJIbHUKY — 5K~
CIiepMMEeHTaIbHAs TUCTOrpaMMa, IOoIydeHHAasT
IIyTeM MMUTALMOHHOTO MOACIAMPOBAHUS.
KpuBast IuIOTHOCTU pacIpeaeaeHUs BEPOsIT-
HOCTel ImokKa3aHa IMyHKTHpoM. I1o ocu x



Tabuuuna 2 Ta0iuna 3
Beposarnoctn Toro, uro Bpems peakuun IO/  BepositHocTH TOTO, YT0 BpeMs peakipnu ITO/T

oyzaer He 0oabmie T mis Ko dunuenta oyzaer ne 0oabuie T 1151 Koadpummenra
Harpy3ku 0,225537 Harpy3ku 0,9
KoaddpuumeHt MpaHuua, T BeposTHOCTb KoadpduumeHnt | Mpanuua, T BeposTHoCTb
3arpyskmu 3arpysku
0,225537 <0,0100c. 0,3355 0,9 < 0,0400 c. 0,2295
<0,0200c. 0,5516 <0,0800c. 0,3942
<0,0300 c. 0,7030 <0,1200c. 0,5194
<0,0400c. 0,7990 <0,1600c. 0,6093
<0,0500 c. 0,8675 <0,2000c. 0,6929
< 0,0600 c. 0,9148 <0,2400c. 0,7566
<0,0700c. 0,9402 <0,2800 c. 0,8193
<0,0800c. 0,9600 <0,3200c. 0,8633
< 0,0900 c. 0,9716 <0,3600c. 0,8977
<0,1000c. 0,9802 <0,4000c. 0,9230
<0,1100c. 0,9866 <0,4400 c. 0,9423
<0,1200c. 0,9911 <0,4800c. 0,9610
<0,1300c. 0,9944 <0,5200c. 0,9739
<0,1400c. 0,9968 <0,5600 c. 0,9824
<0,1500 c. 0,9981 <0,6000 c. 0,9877
<0,1600c. 0,9993 <0,6400c. 0,9913
<0,6800c. 0,9932
<0,7200c. 0,9953
<0,7600 c. 0,9978
<0,8000c. 0,9992
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Puc. 4. Harpyska 0, 9. |

MicTorpamma v ramma-
pacnpegeneHue.

Mopsinok 000|
pacnpegeneHus

1,18370930, napameTp
1/u=1333,70355714
eavHnL MoAesIbHOro

0.000)

BpemeHH. o

0.000)

0.000)

0.000)

m 1680.00
yKa3aHbl §AMHUIIBI MOJIETIBHOTO BPEMEHH.

MopenupoBanne IO kak CMO mipu
ypoBHe Harpy3ku 0,1 MO3BOJUIIO TTOTYYUTH
BEPOSITHOCTU TOTO, YTO BPEMs peakiinu
OyIeT MEHbIIIe HEKOTOPOU BeIUYUHbl 1 —
Tabnuua 1.

Pesynbrare! ontummzannu pexkuma LLO]]
moKasajiv, 4TO IeHTP paboTaet mpu Koa(P-
¢unuenTe Harpysku 0,225537 (tadbnuua 2).
MonenupoBanue npu 838 equHUIIAX MO-
IeTbHOTO BPEMEHU J1aJi0 CpeaHee BpeMs
B cucteme 248,047, cpenHe-KBagpaTUIeCcKOe
OTKJIOHEHHUE DTOM BeandyuHbl — 247,601.
Takum obpaszom, rmosryyaem pacrpeaeiaeHue,
0JIM3KOe K 9KCTIOHEeHIIMaTbHOMY. Pesynbra-
Thl B TpauiueckoM BUAE TPENCTaBICHBI
Ha pUCYHKE 3, BEpOSTHOCTH TOTO, UYTO BPEMSI
peakiuu OyneT MeHbIlIe HEKOTOPOU Besu-
yuHbl T B TabnuIe 2.

ITpu ontumanbHOM pekume IO Bpemst
BBITIOJTHEHUSI TIPAKTUYECKHN BCEX 3alIPOCOB
He nipesbicut 0,12 c.

Brio mposeneHo MoneaupoBanue 11O/
pu Beicokoit Harpy3ke 0,9. CpenHee Bpemst
peObIBaHUS B cricTeMe coctaBuiio 1578,7173
€AVHUI] MOJIETThHOTO BPEMEHM, CPeTHe-KBa-
IpaTUdecKkoe OTKIoOHeHne — 1451,0482 emm-
HUIl MOAEJIBLHOTO BpeMeHU. Pe3ynbraThl
MO BBIYUCJICHUIO BEPOSITHOCTEN TOTO, UTO
BpeMsI peaklMy He TIPEBBICUT HEKOTOPOU
TPaHUIIbI, IPEACTABICHBI B TAOIUIIE 3.

Ipaduk hyHKIIMY TIIIOTHOCTU pacmpese-
JIeHUsI BeposiTHOCTel BpemeHu peakiu LIO/]
mipu 3arpy3ke 0,9 mpeacrasieH Ha pUCYHKE 4.

ITpoBepsinach ruIoTe3a 0 TOM, UTO CIydaii-
Hasl BeJIMYMHA — BpeMsI TPeOBbIBAHMS 3aTTpoca
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B CMO nMeeT raMma-pacIipeieJIieHHUE C TUIOT-
HOCTBIO:

S =p () er/T (v-1), 20, C))
rae [ (v) — ramma-(gyHKims:
r'(v)= Te"t""'dt. 5)

st uensix 3Hauenutit I' (v) ectb mpocToit
dakropmain (v — 1).

ITpoBeneHHbIE UCCIENOBAHUS TTOKA3AJIH,
YTO B CJIy4ae MCTOMb30BaHUS MIWHGbpeliMa
C TIPOM3BOAUTENBHOCTHIO 5939 Mips Bpemst
peakunu 1O/ mpakThudecKu HE MIPEBBICUT
BesimurHbI 0,64 ¢ 1axe Mpy OYeHb OOJIBIION
Harpyske 0,9.
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ABSTRACT

The article provides a study on probabiity distribution
ofa random variable at the example of response time to
enquiry within the data processing center (hereinafter-
DPC), considered as a queuing system. To solve this
problem the author examines the hypothesis of an
exponential distribution, uses in the study queuing theory
and simulation methods. The results obtained provide
a well-founded guidance to DPC users and ability to
correlate computed values with existing standards and
growing needs of information system’s users.

ENGLISH SUMMARY

Background. Data Processing Center (DPC)
functions in the environment of random stream of
requests for processing and of random time of their
execution. Studies conducted earlier, allow considering
DPC as a queuing system (hereinafter-QS) of M/M/1/x
type. This reference designation means a simple input
stream, exponential service time distribution, one
processor, infinite input stream, when a probability
of a new enquiry does not depend on the number of
enquiries, already existing in the system. Calculating
DPC response time (time elapsed from the moment of
the enquiry’s input from external environment) is quite
consistent with experimental data, that is why search
for the answer to the question of compliance of DPC
operations with requirements of standard ITIL [ 1], should
be based on a variety of QS models.

Studies on the period of engineering of the first
man-machine systems, in which people solved their
problems through dialogue with the machine, show that
a user has negative emotions if response time exceeds
2 seconds [2, 3]. DPC standard means that developer
should negotiate allowable response time with client of
the system [1].

Objective. The objective of the author is to study
application of the law of probability distribution of a
random variable at the example of DPC response time
using hypothesis of exponential distribution.

Methods. Due to the fact that DPC response
time is a random variable, it can be evaluated using a
certain model only as a mean value. Thus in order to
obtain a probability that response time will exceed the
predetermined value of maximum allowable time of
reaction, provided by standards, it is necessary to use
methods of queuing theory and simulation. If model
M/M/1 / « is applied, then the probability distribution
of a random variable (life time of enquiry within the
system, defined as the sum of random queuing time and
of service proceeding time itself) can be applied based
on the considerations given below.

Results. /f a request comes in QS and finds it free
with probability p,, then stay period in the system is a
random variable having an exponential distribution with
u-parameter of service time since there is processing
of the request.

If a request comes in QS and finds another input
service request, already existing in the system, with
probability p,, then stay period in the systemis a random
variable, which is a sum of two exponential variables with
u-parameter of service time. The first exponential value
isaremainder of time necessary to finish the proceeding
ofthe request which existed in the system at the moment

of the input of a new request, the second exponential
value is linked to processing ofa new request. According
to probability theory it is known [4] that in case of
exponential distribution, a remainder of afterservice
time has the same exponential distribution with the same
parameter u. Consequently, time distribution of stay in
the QS is Erlang distribution of the 2™ order [5].

If a request comes in the QS and finds that there
are i requests in it (one for service, (i-1) in the queue)
with probability p, then stay period in the system is a
random variable, which is the sum (i+1) of exponentially
distributed random variables with u-parameter of service
time. The first one is a remainder of afterservice time
of a request that was at processing at the time of input
of new request in the system, the rest are linked with
servicing of requests selected from the queue, and of
a new request. Afterservice and service of requests
received from the queue are random variables having
an exponential distribution with the same parameter .
Consequently, time distribution of stay in the QS is in this
case is Erlang distribution of (i+1) order.

Erlang distribution with order v=(i+1) and parameter
U has density of probability distribution [5]:
f(t)=pu(ut) e /(v-1)I, 20, v>0. (1)

Andthat means that density of probability distribution
of a random variable (stay period of a request in QS)
(t) is defined by formula:

f_ .
reaction

f;'eaction(t) = z pifllu(/'lt)v_le_w /(V - 1)"t 2 0 (2)
i=l

Summation is made from 1 to infinity, because
QS M/M/1/x receives an infinite input stream, thus
theoretically there is a non-zero probability that there is
an arbitrarily large number of requests.

Probabilities p, i=0,1,2,3,... are calculated by
formulas given in queuing theory [5]. When a request
comes in a system, we should talk about conditional
probabilities p;, i=0,1,2,3,... and the situation that the

request will meet there i requests at the moment of its
input. In case of closed QS these conditional probabilities
differ from the stationary probabilities of finding the
system in state i. However, as it is shown in [6], for
M/M/1/x probabilities p, coincide with stationary

probabilities of finding QS in state i.

It is easy to see that it is quite difficult to use
cumbersome formula (2) for engineering calculations
of a probability that a random variable exceeds a
predetermined value, since it is necessary to perform
numerical integration. Therefore we shall use the
methods of simulation (statistical modelling) [7].
Namely, we take a general-purpose simulation system
of discrete complex systems GPSS [8].

QS model in GPSS language looks relatively simple
and itis shownin Pic. 1.

Average query time in DPC mainframe is 0,0189 s
for an option with performance of 5939 Mips. The model
takes 0, 1 ms as a time unit, so the first parameter of the
block GENERATE, simulating simple request stream in
the QS, is equal to 1890 model time units, and the first
parameter of the block ADVANCE, simulating service
time, is equal to 189 time units. With these parameters,
load factor of a processor QS1 theoretically should be
equalto 0, 1.
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* MODEL OF OPEN-END Queuing system type M/M/1/ infinity Table 1
*1 MODEL TIME UNIT =0.1  MILLISECOND OF REAL TIME
Sl&%ﬂiuwor« RN1,C24 EXPONENTIAL DISTRIBUTION ( AVERAGE =1) Probabilities that DPC response time will not
0,0/.1,104/.2,.222/.3,355/.4,.509/.5,.69/ .
PO e foboutrn ol be more than T, with load factor 0,1
0.98,3.9/.99,4.6/.995,5.3/.998,6.2/.999,7/.9997,8.0 T
NOUTGENERATE 1350, FNSEXPON POISSON INPUT STREM Load factor | Border, T Probability
?U;lrfULATE SE;C?;E% o MEASURING  TIME  IN THE SYSTEM 0,1 < 0‘01 OO s. 0‘3443
QUEUE  PHASE1 MEASURING TIME IN PHASE 1
gé:ggs cﬂg? chcAlSJl;mchﬂoMFE lgh?EUEslé»EMcs ]CHANNEL INQS1 < 0’0200 S. 0’5647
OBSLU ADYANCE TBSFNSEXPON - SERVICE SULATIONIN PRAGE 1 <0,0300s. 0,7145
RELEASE CMO1 RELEASE OF ONE SERVICE ~ CHANNEL IN QS1
DEPART ~ PHASE1 END OF TIME MEASURING IN PHASE 1 <0,0400 s. 0,8114
DEPART  SYSTEM END OF TIME MEASURING IN THE SYSTEM
TABULATE[ERMI)I(\R'}:EE 1HISTOGRAMOFTOTALT\ME < 0‘0500 S 0,8770
TR W:SSSFNP MoPEL O\QEECE'IFOCS::’\KE\CCUMULATED STATISTICS < 10,0600 s. 0,9212
START 10000 BASIC SIMULATION
0BSLU AE)I;/E:RNCE 900,FNSEXPON SERVICE SIMULATION IN PHASE 1 < 010700 S. 019462
ey 100N REeEr OF ACCUMULATED STATISTICS <0,0800s. 0,9647
START 10000 BASIC SIMULATION
e <0,0900s. 0,9763
Pic. 1. GPSS-model to rece{'ve histogram of DPC <0,1000s. 0,9834
response time.
<0,1100s. 0,9897
The simulation results show that the experimentally
obtained (by simulation) load of a device FACILITY/ <0,1200s. 0,9930
UTIL is 0,099, that is almost equal to the theoretical <0,1300s. 0,9959
one. <0,1400s. 0,9975
Histogram of a random variable (stay period of <0,1500s. 0,9986
request in the system) is described by lines: <0.1700s. 0,9994
W o 100.000 RB'SRY ?R::m Z:‘:: Table 2
300.500 A Probabilities that DPC response time will not
P A be more than T at load factor 0,225537
[ :Zﬂ EEEEEE lgz %2‘% Load factor Border, T Probability
Moo~ 1200.000 3 eamm 0,225537 <0,0100s. 0,3355
1300.000 10 99.85
1400, 000 Egg:gg: g ;;:;: < 0’0200 S. 0’5516
leon.000"7 1700000 1 sl <0,0300s. 0,7030
1700.000 - 1800.000 o 99.98
2000.000 1 s <0,0400s. 0,7990
2100.000 o 99.99
Sr007000 - zo000m0 1 10000 <0,0500s. 0,8675
The average stay period in the system is <0,0600s. 09148
209,869, root-mean-square deviation (square root <0,0700s. 0,9402
of dispersion) of this variable is 206,684. Thus, the <0,0800s. 0,9600
coefficient of variation of a random variable is almost <0.0900 s 09716
equalto 1, that allows (taking into account histogram - - :
frequency) making an assumption that the law of <0,1000s. 0,9802
distribution of a random variable (stay period in QS) <0,1100s. 0,9866
Is exponential. <0,1200s. 0,9911
Testing the hypothesis of an exponential
distribution with the help of y? (a square of criterion) <0,1300s. 0,9944
showed that the hypothesis can be accepted with <0,1400s. 0,9968
confidence probabiity of 0,62269368. This result was <0,1500s. 0,9981
expected, since the main contribution to the random
variable (DPS response time in our case) is made by <0,1600s. 0,9993
the first summand to the formula (2), while average
number of requests in the system (simulation results)
is 0,1, and average time in the system is 209,869 that
is slightly different from pure service time.
Results are presented graphically in Pic. 2. biz
Rectangles represent experimental histogram &)
obtained by simulation. Curve of probability
distribution density is shown dotted. Model time units
are indicated on x-axis. gie
DPC simulation as of a QS at load level of R
0,1 made it possible to receive probabilities that o [T
response time will be less than a certain value T =
(see Table 1). b‘g‘w
The results of optimization of DPC mode showed L f ‘k;:n B T VLI TSNS S e
that the DPC operates at a load factor of 0,225537
(Table 2). Simulation at 838 model time units gave
average time in the system of 248,047, root-mean- Pic. 2. Load is 0, 1. Histogram and exponential
square deviation of this value is 247,601. Thus, we distribution.
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Pic. 3. Loadis 0,225537. Histogram and exponential
distribution.

obtain a distribution close to exponential. The results
are presented in graphical form in Pic. 3, probabilities
that response time will be less than a certain value T
are shown in Table 2.

At optimal DPC mode service time for almost all
requests will not exceed 0,12 s.

High (0,9) load of DPC was simulated. Average
stay period in the system was 1578, 7173 model
time units, root-mean-square deviation — 1451,0482
model time units. The results of computing
a probability that response time does not exceed
a certain border are presented in Table 3.

Graph of probability distribution density of DPC
response time at load 0, 9 is shown in Pic. 4.

The hypothesis was tested that a random
variable (stay period of a request in the QS) has
gamma distribution with density:

f(t)=u(ut)"'e*/I(v-1), 20, (4)

where I (v) - gamma-function:

r(v)=[e'rdr. (5)
0

For integer values I (v) there is a simple factorial
(v-1).

Conclusion. Studies have shown that in case of
mainframe with performance 5939 Mips DPC response
time will not exceed 0,64 seconds, even at a very high
load (0,9).

7

o)

o)

o)

o) i

o) fot—

0o} T - R
[T

504000

400 TBE000 25000 3000 420000 000 672000 756000 E40000

Pic. 4. Load is 0, 9. Histogram and gamma
distribution. The order of distribution is 1, 18370930,
parameter 1/u = 1333, 70355714 model time units.

Table 3
Probabilities that DPC response time will not
be more than T at load factor 0,9

Load factor Border, T Probability
0,9 <0,0400s. 0,2295
<0,0800s. 0,3942
<0,1200s. 0,5194
<0,1600s. 0,6093
<0,2000ss. 0,6929
<0,2400s. 0,7566
<0,2800s. 0,8193
<0,3200s. 0,8633
<0,3600s. 0,8977
<0,4000s. 0,9230
< 0,4400s. 0,9423
<0,4800s. 0,9610
<0,5200s. 0,9739
<0,5600s. 0,9824
<0,6000s. 0,9877
<0,6400s. 0,9913
<0,6800s. 0,9932
<0,7200s. 0,9953
<0,7600s. 0,9978
<0,8000s. 0,9992

Keywords: queuing theory, probability theory, data processing center, probability distribution of random

variables, response time, simulation.
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HAkos F0JI40BCKUN
Yakov M.GOLDOVSKIY

Wpuna CA®OHOBA
Irina E. SAFONOVA

B pacnpeneneHHov 6a3e faHHbIX BCS
nHopmaumns pasnesieHa Ha CerMeHTbl,
KOTOpble HaxoAsTCA Ha Pa3J/INYHbIX
pabounx craHymsax. lMpu orpaHn4eHHON
UMPKYSIUUNA CErMeHTOB A4J1s1 Ka)KL40ro
U3 HUX Ha cepBepe co3gaeTcsa Tabsula
agpecoB paboyunx cTaHUWi, rge
oTAEesIbHO B3A9TbIVi CErMEHT [OJDKEH
obpabartsiBaTbCcs. Co3gaHa cucTtema
MoAzenMpoBaHusi, C MOMOLLbIO

KOTOPOV MOXHO NPOC/IEANTb, KaK
pa3Hble napamMeTpbl BJINSIIOT Ha BPpeMs!
oXxugaHusi cerMmeHToB paboynmm
CTaHUNsIMU, a TakxXe BbISIBUTb
npeunmyLecTBa u He4OCTaTKu ABYX
apxXuTeKTyp CUCTEM yrnpaBJieHUs!
6a3amu gaHHbIX — LileHTPaJIN30BaHHON
W C OrpaHNY4YeHHON LunpKynsaunen
CEermMeHTOB.

Knwuessbie cinoBa: nHgpopmMmauus,

cucTema yrnpassieHys 6a30i AaHHbIX,
npoun3BOANTE/ILHOCTb CUCTEMBI,
UMPKYNISUnsS CEerMeHTOB, MOAEINPOBaHUE.
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BOTPOCHI TEOPWAV

MopenuposaHue CYB/]l c orpaHn4YeHHOM
LUPKYNaumen CerMmeHToB

Caghonosa Hpuna Eeeenp-
€6HA — 00KMOpP MexHU-
uecKux HayK, npogheccop
‘Mockoeckoeo 2ocydap-
CMBEHH020 YHUBepcume-
ma nymei coooujeHus
(MHUHUT), Mocksa,
Poccus.

loadoeckuii Skoe Muxaii-
406Uy — KaHOuoam mex-
HUYeCKUux HayK, 00ueHm
MHUUT, Mockea, Poccus.

2Keaenroe bopuc Baa-

dumupoeuu — Kanouoam

MexXHU4ecKux Haykx,
Bopwuc XXEJIEHKOB doyenm MUHUT, Mockea,
Boris V.ZHELENKOV Poccus.

aXXHBIM HaIllpaBJICHUEM Pa3BUTHUS
BBIYMCIIUTEIBHBIX CUCTEM SIBIISICTCSI
pa3paboTKa BBICOKOIIPON3BOIUTEIb-
HeiXx CYB/l — cucTteM ympaBieHHus 0azaMu
IaHHBIX. HempepbhIBHO BO3pacTaiomme BO3-
MOXHOCTH COBPEMEHHBIX KOMITBIOTEPHBIX
ceTeli CTaBsT Iepel pa3padoTynKaMu MpooIie-
My BBIOOpA, a B HEKOTOPBIX CIIyJasix U MOJIEp-
Huzauuu apxutektypsl CYBJl. MonepHu3a-
111, B CBOIO o4yepeab, He 00XomauTcs 0e3
MpeaBapuTesIbHOrO MoaeanpoBanud [1, 2].
CyI1ecTByeT MHOXKECTBO SI3IKOB M CUCTEM
monempoBanust: GPSS, AnyLogic, IJACUM
U T. ., KOTOPbIC IMEIOT CBOM ITPEUMYIIIeCTBA
n Hemocratku [1, 6—8]. Hanmpumep, Takne
a3bIki, Kak GPSS, ob6agaroT HeMaIbIM 1Mo-
TECHIIMAJIOM IJIST TIOCTPOCHUS M aHaJIM3a MO-
IieJieii, HO CIOXHBI B MCIIOJIb30BaHUU, U Pa3-
paboTKa MOIEIBbHBIX CXEM C MX yJdacTHUEM
TpeOyeT HaBBIKOB B IIPOTrpaMMUPOBAHUM
1 MOXET 3aHUMaTh MHOTO BpeMeHH. Pacripe-
NIeJICHHBIC CUCTEMbl UMUTAIIMOHHOTO MOJIE-
JIMPOBAHMSI TIPUMEHSIOTCS TIO3TOMY JIMIITh IUTSI
YBEJIMYCHHUS BBIYMCIUTEIHBHBIX BO3MOXHO-
CTEM, HO HE IJISI B3aUMOACUCTBUS MOACIICIA.
C yyeToM TIpoBeIeHHOIO B [3] aHanmm3a
MOXKHO CUMTaTh, YTO BCE MMECIOLIIECS CUCTE-
MBI MOZICJTPOBAHMSI HE TIO3BOJISIIOT CO31aBaTh
MOJIEJIU, B3aUMOICHCTBYIOIIE MEXIY COOOM



10 KaHajaM CBSI31 KOMITBIOTEPHOM ceTU. DTO
U TIOCTYXUJI0 MPUIMHON 11 pa3paboTKu
CBOEM OPUTMHAIbHOMN CUCTEMBI MOJIEINPOBA-
HUs, KoTopas peanusyeT ceteByio CYB/]
C OrpaHUYECHHOM LIMPKYISILUEH CETMEHTOB.
YacTHBIM €€ cIy9aeM CTaHOBUTCS LIEHTPaIr-
3oBaHHasg apxutekTypa CYB/I, ecnu ucrnoib-
3yeTCsl OIMH CETMEHT JIJIsI BCeii 0a3bl JaHHBIX.
OmHOBpPEMEHHO CJIeTyeT OTMETUTD, YTO Ha Ka-
denpe «BbraMciuTeabHbIE CUCTEMBI U CETH»
MUUT non pykoBoacTBOM Impodeccopa
A. b. Bapckoro npoBoasiTCs ucciaeaoBaHus
CeTeBBIX 0a3 TaHHBIX C LIUPKYIUPYIOIIEH MH-
dopMaumeii.

TEXHOJ1Or'M UHOOPMALIMOHHOIO
OBMEHA

B maHHBIII MOMEHT IPUMEHSIIOTCS CJIELy-
Ioll[Me TEXHOJIOrMU obMeHa uHdopMauu
B ceteBbIX 0a3ax gaHHbIX (B): daitnoBbiii
cepBep, KIMEHT-CepBep, LIUPKYIUpyoiue [4,
5]. B uupkynupyromux b/l npeanonaraercs
pasneneHue 6a3 TaHHbBIX Ha YaCTH — CErMEH-
Tbl. CEerMeHTOM MOKET ObITh IpyTina TadJull,
o/lHa TabJIM1Ia, TPYIIA 3aluceil, oHa 3aIllKCh.
Bce a1o 3aBucut ot Hactpoliku CYBJI B ka-
KIOM OTHeJbHOM ciydae. Jlajiee TepMUH
«CETMEHT» Oy/IeM UCITO0Ib30BaTh JIJIsi 0003Ha-
YEeHUSI MUHUMAaJAbHOM €IMHUIIBI JaHHBIX
13 6a3bl, KOTOpasi MepeaaeTcs 1Mo CeTH.

[Ipu noctyne GOJBIIOrO YMCiIa MOJIb30Ba-
TeJIeil K HEKOTOpOil 6a3e JaHHBIX KaXIOMY
U3 HUX TpeOyeTcs v oguH cermMeHT B/1 (ripo-
CTOM 3aI1poC), UJIM HECKOJILKO TAKMX CETMEHTOB
(cnoxxHBbIiM 3arpoc), HO B ceTeBoil B nHpop-
Malsl HaXOAUTCSl Ha cepBepe, M B KaXKIbIid
MOMEHT BPEMEHU CETMEHT MOXET ObITb JOCTY-
IEH TOJIbKO OJHOMY IoJIb30oBarteio. B crarbe
[5] moka3aHo, uTo o6paboTKa J11000i1 coBpe-
MmeHHo# B/l monHocTkIo peanusyercss SPMD-
TeXHoJIoruel [4], mpruyeM OCHOBHAsI KOHLET -
LIMST 3TOM TEXHOJIOrMU OTHOCUTEIbHO B/l 3a-
KJII0YaeTCsl B MPEeBpallleHUM €€ U3 OJHOKa-
HajJbHOW B MHOTOKaHaJbHYIO CHUCTEMY
maccoBoro oocayxkubanus (CMO). B satom
ciyyae CYDBJI siBasieTcst KaHaaIoOM OOCITYKU-
BaHUsI, U OHA JOJIKHA OBITh pa3MHOXKEHa
Ha Bcex padbounx cranuusx (PC).

Pat6orta ¢ B/l ocyiiecTBiasieTcss mo oaHOI
MporpaMme, HO B 3aBUCHUMOCTHU OT IOJICH,
KOTOpbIe HEOOXOAMMO 00padaThIBATh, BHITIOI-
HEHUE 3TOM ITPOTrPaMMbl MOXKET ITPOUCXOAMTD
110 pa3HbIM BETBSM aJITOPUTMa, a MOTOMY
BBIOMpAIOTCS 1 pa3IuuHble cerMeHThl B/, T. .

KaXIblii M3 HUX 00pabaThIBaeTCsl MO COOCT-
BEHHOMY aJICOPUTMY.

B pesynbrate mobas CYB]L oocnyxuBaeT
TIOTOK 3a1pocoB co «cBoeii» PC. D10 no3so-
JISIeT pa3aesInThb OO TTOTOK 3arpocoB K b/
( p ), 0CIabUB BIUSIHE KPUTUIECKOTO COOT-

HOIUCHUSA:
A

p=2<1, (1)
)7

rae A — MHTEeHCUBHOCTh IIOTOKa 3aIllpOCOB
K BJI, | — THTEHCUBHOCTH MMOTOKA OOCTYKH -
BaHUs.

CoortHoiieHue (1) BIusieT Ha cpenHee

BpeMs obcayxuBanus 3anpoca (1, ):

to6c./l

T )
raet . — «4ucToe» BpeMs 00paboTKU OTHOTO
3arpoca.

Eciu npeanoioXxuTh, 4T0 MpU PacIojio-
xenun CYBJI nHa xaxnoit PC Bpems o6cy-
JKUBaHUS OyIeT 3aBUCETh TOJIBKO OT CUTYya-
LU, CKJIAJbIBAIOIICICS HA CTAHIIMU, TOTIA:

= e, 3)

obca

obea

A
rme p, = H , n —yaucino PC.

Jns uentpanuzoBaHHoi b/l HegocTaTkoMm
peaju3alu J0CTYIIa K JaHHBIM SIBJISIETCS TO,
YTO OHU HaXOMSITCS Ha OTHOM CEepBepe, U BO3-
HUKAaIOT ouyepeb IMpU OOpalleHUH K HEMY,
CYLIECTBEHHbIE 3aIEPXKKU B paboTe.

B pacnpenenennoit BJI Bcst undopmaius
pazjiesieHa Ha CEeTMEHTbI, KOTOPbIE HaXOISTCsI
Ha pasnnuHbix PC. Ho npu aTom nosiBisiercst
psiI IpO0JIEM, CBSI3aHHBIX C TEM, KAKUM 00pa-
30M OYJIET OCYILECTBISTHCS TOCTYI K CETMEH -
Ty BJ1, pacmnoiokeHHOMY Ha HEKOTOPOU i-i
PC c npyroii i+n-ii.

Ecnu ucnosib30BaTh MPUHLIMITBI LIMKIUYE-
CKOM LMpPKyJIauuu cermMmeHToB Bl B cetw,
TO pelraercs mpobjemMa CUMHXPOHU3aMU
U poctyna. Bce cerMeHTHI MmocieoBaTeIbHO
nepexoast ot ogHoit PC K apyroii, HO 31ech
HEOoOXOIMM MeXaHM3M, o0ecIieurBaroIIni
LIMPKYJISILIIMIO CETMEHTOB TOJIBKO MEXKIY TEMU
CTaHLIMSIMU, KOTOPbIE C HUMU B3aUMOJICIHCT-
ByloT. B [4] mpenjioxkeH Takoil MeXaHU3M —
METOJl OFPAaHUYECHHONW LIUPKYJIALUN WU
aapecallMy CerMeHTOB. B Toil Xe cTarbe
MPUBOAMUTCS OMMCAHME TEXHOJIOTMU PabOThI
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1

CospaHue
OCHOBHOrO
oKkHa
nporpammbl

Haxatne
ynpaBnsiowmx
KHOMOK

BakpbiTne Khonka
okHa coxpaHeHus

nporpammel 3 | KOHurypaumm 4

KHorka ansi BeiGopa
haiina ans coxpaHeHus
pesynbTaTtoB 7

KHonka 3anyck:
npouecca
MOAENMPoBaHuA

KHorka
KHorka c6poca

3arpysku
KoHpurypauum 5 KOHdurypaLmi 6

CoxpaHeHue
napameTpoB

Barpyaka
napameTpos

BhiGop
aiina ans

Banyck

C6poc
npouecca

B chaiin n3 cbaiina

napameTpos

coxpaHeHns MoAenuposaHusa

Puc. 1. brnok-cxema moaysisi B3BauMoAeriCTBUS MoJib30BaTesisi C CUCTEMO.

B/l ¢ orpaHUYEeHHOW LIUPKYJISLIUEH CETMEH-
TOB, MMoka3aHo noseaeHue PC mpu mocryme
K CerMEHTaM, MPUBEJICH aHAJIU3 BpeMEHU
BBITIOJIHEHUS 3aIPOCOB U PA3pELIEHUST KOH-
(KTOB Mpu 06PaOOTKE CTIOKHBIX 3aTTPOCOB
K ceTeBoit B/ ¢ mupKkynaupyomeit mHpopma-
11ei, a TaKKe aJlTOPUTM TTIOMCKA U yCTpaHe-
HUSI TIEPEKPECTHBIX CCHUIOK.

J71s1 Kaxkaoro cerMeHTa Ha cepBepe co3/1a-
etcs Tabnuta afapecos (TA) pabounx cTaHIi,
Ha KOTOPBIX TOT WIN UHOW CETMEHT TOJIKEH
00pabaTeIBaThCS. DTa TaOIMIIA IMHAMITICCKI
M3MEHSsIETCSI BO BpeMeHU. TA cTaHIIM BKITIO-
YaeT B ce0s1: 1oJie, coepKallee CIuCcoK aape-
coB (HoMepoB, nMeH) PC, K KOTOpbIM Harpas-
JISIETCSI CETMEHT; KOG UIIUEHT YaCTOTHI
oopamenunit PC x naHHOMYy cerMeHTy (9TO
YHCJIO OOpAallleHU 32 HEKOTOPBII BpeMEHHOMN
WHTEPBAJT) U APYTYIO CTATUCTUUYECKYIO MH(DOP-
marmio [4, 5]. Kpome TA popmupyetcs crim-
COK TIPUOPUTETHBIX aapecoB PC, KoTopsrit
TIOCTOSTHHO HAaXOWTCS Ha HEil.

OcHOBHYIO (DyHKIIUIO TIO TIepeade u Mo-
nuduKauyu TabanIIbl alPECOB BHITIOTHSIET
cepsep, oHa aHanornaHa padore PC mo nepe-
J1a4ye CETMEHTA, HO C TOW JINIb PA3HULIEH, YTO
IIJISL CJIOXKHBIX 3aIIPOCOB FEHEPUPYETCS COOT-
BETCTBYIONINI KOA(POHOUIIUEHT — TPUOPUTET
cyoXHoro 3amnpoca [5]. Pabouas ctaHuus
BBITIOJTHSIET TIPOCTHIE IEHCTBUS 10 TEHEpaIun
HOMeEpa 3aIliCH, OTIPENEIEHUI0 HOMEepa Cer-
MEHTa JUIST 9TOU 3alKiCU U BHI30BY METO/A
noydenust cermeHTa. [Toka PC He momyuur
BCE HEOOXOMUMBIE €ii CeTMEHTHI, HUKAKNUX
NIECTBUIT OHA HE BBITIOTHSIET. 3aTeM €10 MPH-
OaBisieTcsl BpeMsi, moTpeOoBaBIieecs I
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MOJIy4eHMsI CErMEHTa Ha 00paboTKY, K 0O111ei
st Bcex PC mepeMeHHO#, a TakKe WHKPU-
MUHUPYeTCs Apyrast o0Iast mepeMeHHast ISt
TOCJIEAYIONIETO BHIUUCIICHUST CPETHETO Bpe-
MEHU OXUuIaHus (TepBasi iepeMeHHast Oyier
paznesieHa Ha BTOPYIO).

B kavecTBe JOMOJHUTETBHBIX BO3MOXHO-
CTel MO YMEHBIIEHUIO 3aTPy3KU cepBepa,
Ha KOTOPOM XpaHUTCS 06a3a TaHHBIX, MOXHO
KCTIOJIb30BaTh BAPUAHT PACTIPENECICHUS CeT-
MeHTOB b/] 110 HeCKOTBKUM BCTIOMOTATETbHBIM
cepsepam [4, 5]. [Ipu aTOM UMEIOTCST B BULY
pa3nuuHble anroputMbl. X ucnonb3oBaHue
3aBUCUT OT TaKUX MapaMeTpoB, KaK 4acToTa
obpalueHuil, pa3mep, cpeaHee KOJIUYECTBO
pabouMx CTaHIINIA, MEXKITy KOTOPBIMU ITUPKY-
JIUPYET CETMEHT, PACCTOSIHAE WJIM MapLIpyT
MexXay pabodeit cTaHimel u cepepom [5].

CnenmoBatenbHo, Bl ¢ orpaHMYeHHON
LUPKYISALUEN TaeT Psif MPEeUMYIIECTB:

® BO3MOXHOCTbh MAaKCUMaJbHO T'MOKOTO
WCITOIB30BaHMUS 34 CUET MEXaHU3Ma OTPaHU-
YEHHOW HUPKYISIIINN;

® BO3MOXHOCTb MCMOJb30BaHUS B TJIO-
OaJIbHBIX CETSX;

© MUHUMU3ALMIO BPEMEHU TOCTYTA 32 CUET
SPMD rtexHomoruii 1 orpaHUYEeHHOM ITUPKY-
nsiuu [4];

e niepecTpoiika b/l njsi HOBBIX yCJIOBUIA
MPOUCXOIUT ABTOMATUYECKU U 6€3 JOTIOJTHU -
TEJIbHBIX 3aTPAaT;

® TTOCKOJIbKY MEXaHU3M OTpaHUYEeHHOM
MUPKYJSIUN — 9TO MeXaHU3M (DYHKIIMOHU -
pOBaHUS KJIMEHTA U CEPBEPA, TO BO3MOXHO
€r0 COBMEIIIEHUE C TIOOBIMU CYIIECTBYIOITUMUI

bA.



OCHOBHbIE 3TAIbI
MOLOEJIMPOBAHUA

[Ipu co3mannm cucTeMbl MOACTUPOBAHUS
HauOoJiee 11e1eco00pa3HbIM MPU3HAHO MPU-
MEHEHWUeE SI3IKOBBIX CPeNCTB Java. B kauecTse
cpenbl pa3padboTku ObLT BeIOpaH Eclipse —
CBOOOTHO PAaCTIPOCTPAHSIEMBIi IPOTPAMMHBII
KOMIIJIEKC Java-TIpUIoKeHU OT KOMITaHUU
IBM.

WHTerpasibHBIM KPUTEPUEM aHATN3A TTPO-
n3BoguteabHoctrn CYB/I mpu MomenmpoBa-
HUU sIBJIseTCS BpeMs aoctyna K b/, T. e.
BpeMsl OXXUAaHUS pabOUYNMU CTAHIIUSIMU 3a-
MponIeHHOTO cermeHTa. Kpurepuii Harmsim-
HBIA 1 04eHb BaxXHBIN, 160 PC, KoTtopas
CTeHEepUpOBaja 3arpoc Ha Kakylo-aubo 3a-
MHCh, IOJKHA KaK MOXXHO OBICTpEE eTo MOJTy-
YUTh, a ITO 3aBUCUT OT MPOEKTUPOBIINKA
CYB/I. UMeHHO CHIKEHUE BpEMEHU OKUIa-
HUST CETMEHTA CITy>KUT KPUTEPUEM, TIO3BOJISI-
FOIIMM OIICHUTH ITpon3BoauTebHOCTE CYB/I.
OCHOBHOI1 3a/a4eil 311eCh OCTAeTCsT OTpee-
JIEHWE TOTO, KaK pa3JIMuyHbIC TTapaMeTpPhl CH-
CTEMBI U YCJIOBUSI, B KOTOPBIX OHAa paboTaerT,
BJIUSTIOT HAa BPEMSI OXUIAHUS CETMEHTA U,
COOTBETCTBEHHO, Ha 3(P(PEeKTUBHOCTH Bceit
CYB/.

Pa3paboTtanHas cuctema COCTOUT U3 ABYX
OCHOBHBIX MOJTYJIEH: MOJTYJISI B3AUMOJIEACTBUST
TTOJTH30BATENISI C CUCTEMOU U MOJTYJISI MOJIEITH -
pOBaHWSI.

Bnox-cxema mMomysisi B3auMOIeCTBUS
MMOJIb30BATENSI C CUCTEMOM TIpecTaBIeHa
Ha puc. 1. B 6yoke | mpoucxoaut "HULIMATU -
3amus rpacdudeckoro uHrtepdeiica. OxHO
TPOTPaMMBbI COAEPKUT HECKOJIBKO TTOJEH ISt
yKa3aHUs BXOAHBIX MapaMeTpPOB, a TaKXKe
IyHKTBI MEHIO YIIpaBJIeHUsI, KOTOpbIE 00ec-
MEYNBAIOT BBI3OB MPOIEAYDP, YKA3aHHBIX
B OsoKkax 3-7.

Brnok-cxema Monyass MOAEIMPOBAHUS
rpejicTaBieHa Ha puc. 2. B 6ioke 7-1 nHuim-
aTM3UPYIOTCS TIEpEMEHHbIE, OCHOBHBIC 3Ha-
YeHUsT KOTOPBIX 3TOT MOJAYJIb MOJIydyaeT
oT tiepBoro. OgHa U3 TIepeMEeHHBIX — YUCIIO0
PC ucrnonb3yercs amst 1IMKIIa 3ammycka rmoTo-
KOB-pabouux cranmuii (7-2 — 7-4), a Takxke
IUTst ux octaHoBKU (7-6 — 7-8). [1ocie 3amycka
TTOTOKOB OCHOBHOW MOJYJIb TIPUOCTaHABIH-
BaeT CBOE BBHITIOJTHEHUE HA BpeMsi, paBHOE
BPEMEHM OHOTO Tpoxona (610K 7-5), To ecTh
B 3TOT MOMEHT pabOTaloT JIUIIb MTOTOKH-Pa-
Oouue craHuuu. B Gioke 7-9 BblunciseTcs
cpenHee Bpemst oxxunanus 3amnuceii PC.

Banyck npouecca
MoAennpoBaHua.
Hauano

WHnumnanusaums
3HaYEHNIt OCHOBHbIX
nepeMeHHbIX

7-2

Linkn 3anycka noTokos, oT
0 po uncna pabounx
cTaHuwi

7-3

3anyck NoToKoB -
paboumnx cTaHumit

7-4

Livkn 3anycka notokos

7-5

3agepxka, paBHas
BPEMEHW MOAENUPOBaHUS

7-6

LlI/IKJ'I OCTaHOBKM MOTOKOB,
ot 0 go uncna paboumnx
cTaHuwi

7-7

OcTaHoBKa NOTOKOB -
paboymnx cTtaHumit

7-8

Linkn octaHOBKW NOTOKOB

7-9

YcTaHoBKa cpeaHero
BPEMEHN OXuaaHNs
3anuceit

Banyck npouecca
MOZENMPOBaHMsl.
KoHey

Puc. 2. bnok-cxema Mmoaynsi MOZeIUPOBaHNS
certeBoii 6.

Mopynb B3auUMOJEHCTBUS TTOIB30BATENS
C CUCTEMOW MPENCTaBIIET CO00M yIOOHYIO
rpadnIecKyto 000TOUKY /I YCTAHOBKHU Tia-
paMeTpOB U 3arycKa Mpoiiecca MOAeIupoBa-
Hus (puc. 3). C momouibio uHTepdeiica
MOJTb30BaTEIb MOXET:

1) ykazaTh muama3oH Jisi KaXaoTo mapa-
MeTpa;

2) yCTAaHOBUTH BPeMsI OIHOTO IIPOX0/Ia;

3) yCTaHOBUTH MAaKCUMAJIBHOE KOJIMYECTBO
TPOXOMIOB JUIS KaXKIOTO MapaMeTpa;

4) ycTaHOBUTH TTYTh K (hatity Uit cOXpaHe-
HUS Pe3ysIbraTa;
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CHCTEMS MOAENMPOBEHMA CeTEBOH BA C OrpaHHEHHON WPKYNALUMER CerMeHToE

6008]

KoHfunypauma Crnpaska

Kon4ecTe0 3anHced B B

KOMHHECTED 33MHCEH B 0AHOM CEMMEHTE

KOMMUECTED CErMEHTOR

MPOUEHT CROMHEIX 33MPOCOE

Puc. 3. Ipajpnyecknii
uHTepdgeric cucTemsl.

KOMMUECTED KNMEHTOE

Bpema obpafioTkm cermerTa (meek)

MaKCHMANEHOE KOMMHECTED 33MMCEA B CIOXHOM 3anpoce
MaKCHMANEHOE KOMMHECTED CErmMeHToR, aipabaTeiBastsl: Ha oaHon MK
BpeMa 0AHOr0 NPOX0Aa {MCEk)

MaKCHMansHOE KOMMHECTED NPOX0AE ANH DAHOMD NapaMeETRa

®aFiN ANA COXPAHEHHA PESYNETATOE MOAENMPOBAHHA | Ciitemp.ndout |

CPEAHHA NPOMEXYTOK MEXAY MEHEPaUMEN 3aNpocos (Moek)

Brifpate |

( C6poc NapameTpos ) (

3aNYCK NPOLECCE MOASTHPOEEHHA )

(&

Kondurypauma  Cnpaska

KonnuecTeo sanmce g B4

KONMHECTED 3aNMCed B DAHOM CErMEHTE

Konn4ecTEn cerkeHTos

MPOUEHT CAOHHGI 34MPOCOE

CHMCTEMA MOAENMPOEEHIMA CETEROH 6] C OMPaHMYEHHON LMPKYNALMER CEMMEHTOR

Puc. 4. OknHo,

Message

Kaon

unHpopmupyrouee CDJ
nosnb3o0BareJisi 0 TOM, oy
CKOJIbKO 3aiiMeT npoLecc Bl \5/

MoAennpoBaHus. G |

Bpe

MaKCHIaNEHOS KONMYECTED NPOXOADE ANA DAHOMD NSPAMETPA

Dafin 4NA COXPEHEHHA PEZYNETATOE MOASIMPOBAHHA | <i\ndmsALPHA|SF_RAPID ] .ndout

MoaenupoBaHme safmeT okono 16 mMuHyT. MoK anyicTa, Nonow oKTe

@O

[1sG]
‘ (EbIEDaTb )

( CApoc napaneTpoE )

( sanyoe npousccawosemposaria )

(&

KoHdmrypauma  Cnpaeka

Kann4ecTeo sanHced B B

KonMUecTE ankce B o4HOM CerMeHTe

KonM4ecTsn cermeHTos

Puc. 5. CoobieHne
none3oBaresnio

TMPOLEHT CNOMKHEL: 33NPOCOB

CHITEMA MOAENMAOBIHWA CeTeRnl B/ ¢ 0rpaHuHeHHOR LMPKRYNALMER CermeHToR

KannuecT

006 ycrneLuHOM 3aBepLUeHUn

FoTaso

CpeaHni
npouecca MogesimpoBaHus.
IMaKCHmar
Marcekmar

BpeMa oAHOFD AROX043

MakcHMansHoe KoNMHECTED NPOXOAOE ANH 0AHOMD NapamMeTpa

BpemA of| ‘\_!\/' MOAENMPOBAHME SaBEPWEHD, BCE PESYIbTATH COXPAHEHBI

@O

[ 1sz]

Pain ANA COXPAHEHMA PE3YNETATOE MOASNHPOEEHHA | CindmsALPHALSF_RAPID L ndout

‘ BeifpaTe

( CAPOC NapareTRos

) € Sanyek rpouecca mogemvposaria )

5) cOpoCUTH BCe 3HAYEHMST BO BCEX MOJISIX
Ha 3HAYeHUs 110 YMOJIYaHUIO;

6) COXpaHWTh HACTPOMKHU B (haii;

7) 3arpy3uTh HaCTPOIKHU U3 (haiina;

8) 3aIIyCTUTh IPOILIECC MOACIMPOBAHUS.

Bropoii Moy/ib TOJIKEH TOJIy4aTh B Kaye-
CTBE BXOJIHOIO ITapaMeTpa IepeMeHHbIE pa3-
JIMYHOTI'O TUIIA.
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Ha puc. 4 u 5 npencraBiaeHbl (hparMeHThbI
paboThl CUCTEMbI MOJETUPOBAHUS, pealu3y-
founeit moaenb ceteBoit CYBJI ¢ orpaHnyeH-
HOM LIPKYJISILUENA CETMEHTOB.

o Toro BpeMeHH, IoKa npoiiecc He 0y-
JIeT 3aBeplleH, HUKaKUX BHIBOJOB CUCTE-
MOIi He mpousBoauTcs. [locae BbImoJIHE-
HUS TIPOrpaMMBbl MOJb30BaTENb MOAYYUT



COOOIIEHHE O TOM, UTO Pe3yJbTaT coxXpa-
HEH.

Jlanee moayueHHBI (haiis ¢ pacliipeHrueM
ndout cnenyet oTkpbiTh B WEB-06pay3epe ninun
TEKCTOBOM PEIaKTOpe.

AHAJIN3 PE3VYJIbTATOB

CucreMa, pealu3yolias MoJeIb CETeBOM
CVYB/I ¢ orpaHMYeHHOI LUPKYISAILUEH cer-
MEHTOB, JaeT BO3MOXHOCTh IOJIb30BaTEIIIO
BBOJIUThH HE ONHO 3HAUYEHHUE IJIsI KaXIOIo
MmapaMeTpa, a LeJIbIi UX 11arna3oH, TeM CaMbIM
o0Jieryasi BBOI JaHHBIX OCOOCHHO ISl U3yde-
HUs 00JIbIIIOTO YKncia Moaesneit. [1pu momoru
pa3paboTaHHOM CHCTEMbI MOXKHO MPOCICAUTD,
KaK pa3Hble MapaMeTphbl BAMUSIOT Ha BpeMs
OXUIaHUsI CETMEHTOB PaOOYMMMU CTAHIIMSIMU,
a TaKKe BBISIBUTh ITPEMMYIIIeCTBa M HEAOCTaT-
ku aByx apxutektyp CYBJl — ueHTpanuzo-
BAHHOM M C OTPAHUYEHHOU LUPKYJISILUEH
CEerMEHTOB.

Ha puc. 6 npexacrapieH rpaduk OoLEeHKU
BIMSHUS pa3MmepoB b/l Ha mpou3BOAUTEb-
Hoctb CYB/I. Yucno 3anuceii B 6aze uU3MeHsI-
ercs oT 50 go 500. DTo 1OBOJBLHO OOJBIION
JMana3oH, KOTOPbIN 1eMOHCTPUPYET YETKYIO
3aBUCUMOCTD 3aJIePKEK MPY pa3IUIHbIX pa3-
Mepax 0a3bl TaHHBIX.

Tak Kak KOJIMYEeCTBO KJIMEHTOB MTOCTOSIH-
HO, YBEeJIMYCHME KOJMIECTBA 3aIrceli B OMHOM
CEerMeHTe CHUXKAET BPEeMsI OXKUIaHUSI CETMEH -
TOB, BEIb «<MHTEPECH» PaOOYUX CTAHIIUI OT-
HOCUTEJIbHO Pa3IMYHBIX 3aITUCe «ITepeceka-
10TCcsI» pexe. TakuM obpasoM, Gonbinas BJ
MMO3BOJISIET JMIIb MMO3HATh MPeUMyIIecTBa
CVYB/I ¢ orpaHMYeHHOI LUPKYISAILUEH cer-
MEHTOB.

Ha puc. 7 noka3aH rpa¢uK OLIEHKH BIIUSI-
HUS KOJIMYECTBa 3alMcell B OAHOM CETMEHTE
Ha npousBonuteabHocTh CYB/I. IMapamerp
MeHsieTcs B mpenesiax oT 8 mo 200, mpuyeM yem
0oJIblIIe 3aMMUCeit COAEPKUTCS B CETMEHTE, TEM
yalie cerMeHThI OyayT BocTpeboBaHbl PC.

VBennueHre KoJIMJecTBa 3aruceil B cer-
MEHTE TIPUBOIUT K TOMY, UTO paboure CTaH-
LIMY YacTO 00OpaIarTcs K OAMHAKOBBIM CeT-
MEHTaM, MMo3ToMy rpaduk Bo3pacraeT. He-
0OJIBIIION crial B KOHIIE TpaduKa BbI3BAH TEM,
YTO KOTJAa KOJMYECTBO 3aIlMCeil B CETMEHTE
npesbimaet 100, TpuUXoaUTCsT UMETh AEJI0
C IByMsI CETMEHTaMM, U BCE MPOXOIbI MTOCE
9TOM OTMETKMU SIBJISTIOTCSI, 10 CYTH, OIMHAKO-
BeIMU. Pa3opoc B 70 Mc KpaitHe MaJjl, U MOXKHO
CUYMTATh 3TO MOTPEITHOCTHIO.
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OlleHKa BJIMSHUS 4aCTOThI MOSIBJICHUS
CJIOXKHBIX 3aIIPOCOB Ha MPOU3BOAUTEILHOCTD
CVYB/I npeacrabneHa Ha puc. 8. [1poueHT nx
M3MeHsIeTCs B Tipeaesax oT 5 1o 80, u Bo3pa-
CTaHMEe YaCTOThI YKa3bIBaeT Ha TO, KAaK TaKue
3apoChl YBEJIMUMBAIOT BpeMsl OXMIaHUS
CEerMEeHTOB.

31ech OYEBUIHO, YTO YBEIMYEHUE YaCTOThI
TOSIBJICHUSI CJIOXKHBIX 3aIIPOCOB HETaTHBHO BIIM-
SIeT Ha BpeMsl OXUIAHUSI CETMEHTOB B 00EUX
ApXUTEKTYpax. BobIii BBIMTPHILL OT MPEIIToY-
TEHUSI apXUTEKTYPbI C OrPAHUYEHHOM LIMPKYJISI-
LIME CETMEHTOB MMEETCS B TOM Cllydae, KOria
CJIOXKHBIX 3aIIPOCOB B CHCTEME KpaiiHe MaJIo.
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Ha puc. 9 npuBoauTcs olieHKa BIUSTHUS
KOJIMYeCTBa KJIMEHTOB Ha IMPOU3BOIUTEIb-
Hoctb CYB/I. DTOT MapaMeTp MeHsIEeTCS OT 5
1o 100.

Bospacranue rpaduka moxkasbIiBaeT, uToO
yeM OoJibllle KJIIMEHTOB, TeM OOJbIlIe BpeMs
OXXUMIaHUS CETMEHTOB. DTO IIPOUCXOIUT 13-3a
BO3HUKHOBEHUSI KOHMIUKTOB, IMTOCKOIbKY
KOJIMYECTBO CETMEHTOB OJTHO U TO XK€, a K-
EHTOB 0OJIbIIIE, UX «MHTEPECHI» OUYEHBb YaCTO
«II€PECeKalOTCsI», I03TOMY paboyuKe CTaHLIMU
0O0JIbIlIe BpeMEHM OXKUIAI0T 0CBOOOXKIACHUS
HYKHBIX UM cerMeHTOB. [IpenMyI1iiecTBo 6a3bl
JNAHHBIX C OTPAHUYEHHOU LIAPKYJISILIUEH ITPO-
SIBJISIETCSl B OOJIbIIIelt cTemeHu ISl ciydasl,
KOTIJa KOJUYECTBO KIMEHTOB CUCTEMBI CpaB-
HUTEJIHHO BEJIUKO.

Puc. 10 nnmoctpupyeT BIUSIHAE YaCTOThI
obpameHunii Kk Bl Ha MPOU3BOAUTENIHLHOCTD
CYB/I. [TycTb cpeaHuii MpoMeXXyTOK BpeMeH!
MEXIy 3arpocaMu OymeT MeHATbest oT 100
110 3000 mc. YeM peske MOsIBASTIOTCS 3aIIpOCh,
TEM MEHBIIIE JOJKHO OBITh BpEMsI OXKUIaHUS.
Hanpumep, npomexyrok B 100 Mc o3Hauaer,
YTO TOCJIEe KaXIOro 3ampoca «moToK-PC»
CTaHLIMS «HEeaKTUBHA» B TEYCHUE CIIy4aliHOIO
npomekyTka BpemeHu ot 50 1o 150 mc.

VYBennueHre BpeMEeHU MPOCTOsI CTAHIIMU
IpU MOCTOSIHHOM BpeMeHM 00paboTKU cer-
MEHTOB YMEHBIIIAeT BpeMsI UX OXKUIaHUs. DTO
CBSI3aHO C TeM, UTO paboure CTaHIIMU pabdo-
TalOT He CUHXPOHHO. MHBIMU clioBamu,
BO BpeMs mpocTtost ofHux PC, ocTanbHbIe
MOTYT OOMEHMBATHCSI CETMEHTAMU. YBeINUe-
HHUE BPEMEHU MPOCTOSI CHIZKAET YacTOTy 00-
pallleHUii K cepBepy, M Ha TpadrKe 3TO YeTKO
oTpaxkeHo. Tak Kak rpacMKu U YUCIOBHIE
3HAYEHUS MapaMeTpa IS KaXXIoi apXuTeK-
TYPHI SIBJISIIOTCSI OYEHB ITOXOXXUMU, TO B TAKOM
CUTYaIIU JOBOJIBHO CJIOXKHO CAEJIaTh TOUHBIE
BBIBOIBI OTHOCUTEJILHO TOTO, KaKyl0 apXUTEK-
Typy MPEeAIovYecThb IIPU Pa3HBIX YacTOTaxX 00-
pamenwuii K BJI.

Ha puc. 11 nipeacraBneH rpaduk 3aBUCH-
MocTu TnipousBoautTeabHocT CYB/I ot Bpe-
MeHM 00pabOTKU CErMEHTOB. DTOT IapaMeTp
Moapa3yMeBaeT CyMMY BCeX BPEMEHHBIX 3a-
IepXeK MPpU MaHUIYJISILUU C CETMEHTOM,
a OCHOBHBIM OCTaeTCsI BpeMs Mepeaadyu cer-
MeHTa 1o ceTu. Bpemst 00paboTKM CerMeHTOB
n3MmeHsiercs B npeaenax ot 100 mo 3000 mc.
YeM m0JIbIIIE CETMEHT OYIET HAXOIUThLCS Y -1
PC, tem BpeMs oxXuIaHUS Ha TOJydYeHUE
CEerMEHTOB JOJIKHO OBITH OOJIBIIIE.



Ipaduk nmoaTBepKaaeT MPeaTON0XKEHUS
0 TOM, UTO YeM JIOJIbIIIE IPOXOAUT 00paboTKa
CeTMEHTOB, TeM OOJIbIIIe BPEeMsI OXMIaHUS
9TUX CETMEHTOB PaOOUYMMU CTAHITUSIMU.

O1eHKa BAMSHUS KOJIMYECTBA 3aIllMceit
B CJIOXHBIX 3aITpocax Ha MPOM3BOIUTEIIb-
Hocth CYB/I moka3ana Ha puc.12. Makcu-
MaJbHOE KOJUYECTBO 3aIMCEil B CIIOXKHOM
3apoce MOXET MEHSIThCS, U YeM OOJIbIIIe
CerMeHTOB OyJeT OXuaaTh pabodasi CTaH-
LU, TeM OOJIbIIEe NOJXKHO OBITH BpeMs
OXXUIaHUsSI 3TUX CETMEHTOB.

Bospactanue rpaguka, To eCThb yBelIU-
YeHHEe BPEMEHM OXHUIaHUS CEerMEHTOB,
BBI3BAHO TEM, YTO YeM OOJbIlIe CErMEHTOB
3a OIMH CJIOXKHBI 3aIIPOC 3aXBaThIBACT O/ -
Ha cTaHLus, TeM Oomabine apyrux PC mpo-
CcTamBaeT, OXKMaasi, KOraa OCBOOOAITCS He-
00XOAUMBbIE UM CETMEHTBI. DTO CIIpaBeIIn-
BO B 0boux cayyvasax. LleHTpanu3oBaHHas
apXUTEKTypa O0OCIyXKMBAeT 3alIPOCHl MEJI-
JICHHEE, YeM apXUTeKTypa ¢ OrpaHUYEeHHOM
LIUPKYJISAIUEE CETMEHTOB.

ITo pe3yapraTamMm MomeaMpoOBaHUS MOXKHO
cIenaTh CACAYIOIINE BHIBOIBI:

— Jy4iiasi MpoOu3BOAUTEIbHOCTD OyAeT
JIOCTUTHYTA B CJIy4yae, eI OTHOIIIEHNE KOJIM-
YeCcTBa CErMEHTOB K KOJIMUECTBY IOJIb30BaTE -
Jieit OyzneT Oosblle eqUHUIIBL;

— TIpY YBEJIMYCHUU YHCJIa CIOXKHBIX 3a-
IIPOCOB 1 KOJIMYECTBA CETMEHTOB B HUX IIPO-
HWCXOIUT YBEJINYECHHE BPEMEHU OXUIaHUS
CerMEHTOB; HETaTMBHO Ha 3TOT MapaMeTp
BJIMSIET U OOJIbINIASI aKTUBHOCTD MOJIb30BaTe-
Jieii ¥ BbIcOKast yacToTa oopareHuii K bJI;

— TIpU WUCTIOJb30BAaHUM LIEHTPAIM30BaH-
HOI apXUTEeKTyphl (oguH cerMeHT) Bce PC
00pallrarTCcsa K OMHOMY 1 TOMY XK€ CETMEHTY,
IMO3TOMY MPaKTUYECKH BO BCEX CAydasiX UX
o0l1ee BpeMs OXUJaHUST OOJIbIIIEe, YeM Mpu
HCIIOIb30BAaHUM apXUTEKTYPhI C OTPAHUYCH -
HOM IUPKYISILUMENH CEeTMEHTOB (HECKOJIBKO
CEeTrMEHTOB);

— OrpaHMYE€HHAsT [MUPKYJISIUS SIBISETCS
MEePCIEKTUBHBIM HaIlpaBJICHUEM B Pa3BUTUU
apXUTEKTyp 0a3 JaHHBIX.

[Tpu yBe1MyeHUM YK CIia CETMEHTOB C OV -
HaAKOBBIM YHCJIOM 3aIMcell B CETMEHTE CHU-
JKaeTcsl BpeMsl OKMIAHUs CerMEHTa IIpU M0-
CTOSTHHOM KOJIMYECTBE KJIMEHTOB.

[Tpu yBetnueHnun pa3Mmepa cerMeHTa Bpe-
MsI OKMIAHUsI BO3pacTaeT.

[Ipu yBenmyeHUN 4urciia MoJb30BaTeNeH
BpeMsI OXKMIIaHUSI CeTMEHTa BO3pacTaeT.

Ecnu 3anpoc paboueit cTaHLIMM He Coaep-
KT 3allpOCOB MOAM(DUKAIIMYA JaHHBIX, CEer-
MEHT MOKET Cpa3y e MepeaaBaThCs CAeayIo-
1Ieit paboyeil cTaHLIMK, HEe TOXKUIasICh 3aBepP-
meHus o0paboTku. Tak Kak GOJIBIIUHCTBO
3aMpocoB 0a3e JaHHBIX TPeOYET MOMCKa UH-
dbopmannu, a He ee UBMEHEHUsI, 3TO TTO3BO-
JseT HeckonbkuM PC omHOBpeMeHHO oOpa-
0aThIBaTh LIEJBIA CEIMEHT, UTO YCKOpPSET
LUPKYJISLMIO U YMEHbIIIAeT BPeMs OXKUIaHUS
CerMeHTa.

SAKJIIOMEHUE

Cucrema MOIEIUPOBAHUS, pean3ylolas
monenb ceteBoii CYBJl ¢ orpanuyeHHON
LUPKYJISLME CETMEHTOB, 1aeT BO3MOXKHOCTh
MOJETMPOBaTh MOBEACHUE Pa3TUYHbBIX apXU-
TEKTYp U MPOBOIUTH OLICHKY HEOOXOIUMBIX
napaMmeTpoB paspadarsiBaeMbix CYB/I. Mo-
JIeTMpOBaHUEe MO3BOJISIET MOJYYUTh OTBET
Ha OYE€Hb BaXKHBIN BOIPOC, HACKOJIBKO 3(]-
(bexTuBHON OymeT co3maBaeMasl cUcTeMa
YIOpaBJICHUS B T€X WJIM MHBIX YCIOBUSX, MIPU
TeX WJIM MHBIX ITapaMeTpax.

CylIeCTBEHHO TO, YTO MOJIEIb O0ECIIeun-
BaeT paboty CYBJl B KopmnmopaTuBHOI
KOMITBIOTEPHOI CeTH, BeIb MUMEHHO B €€ yCJI0-
BUSIX TOJDKHBI MaKCHUMaJIbHO MPOSBUTHCS
npeuMyilecTBa 6a3bl JTaHHBIX C OTPaHUYCH-
HOM LUPKYJISLIMCHA.
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ABSTRACT

Development and modernization of databases
often involve simulation stage. Simulation of
distributed databases is of particular interest
and it should take into account the peculiarities
of the exchange of data between network nodes.
Simulation system, which is considered in the
article, makes it possible to analyze processes
occurring in the network database management
system with limited circulation of segments.

ENGLISH SUMMARY

Background. An important direction in
development of computer systems is the
development of high-performance database
management systems (hereinafter- DBMS).
Continuously increasing capabilities of modern
computernetworks posetothe developersaproblem
of choice, and in some cases, modernization of
DBMS architecture. Modernization, in turn, cannot
do without preliminary simulation [1, 2].

There are many languages and simulation
systems, namely GPSS, AnylLogic, DASIM
etc., which have their own advantages and
disadvantages [1, 6-8]. For example, languages
such as GPSS, have considerable potential for
the construction and analysis of models, but it
is difficult to use them, and the development
of model schemes on their basis requires high
programming skills and can take a lot of time.
Therefore, distributed simulation systems are used
only to increase computing power, but not for the
interaction of models.

With account for analysis conducted in [3]
it can be assumed that all available modeling
systems can’t afford creating models, interacting
via computer network communication channels.
That was the reason for the development of original
simulation system that implements a network
DBMS with limited circulation of segments. Its
special case is a centralized DBMS architecture,
if one segment is used for the entire database.
At the same time it should be noted that the
department «Computer systems and networks»
of MIIT University led by professor A. B. Barsky
also conducts research of network databases with
circulating information.

Objective. Objective of the authors is to study
functioning of DBMS with limited circulation of
segments.

Methods. The authors use mathematical
method, simulation and analysis.

Results. Currently, there exist some
technologies of information exchange in network
databases (DB) which are file server, client-server,
circulating technology [4, 5]. In circulating DB,
databases are divided into parts called segments.
Segment may be a group of tables, one table, a
group of records or a single record, depending on
the configuration of DBMS in each particular case.
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Further, the term «segment» will be used to refer to
the smallest unit of data from the database, which
is transmitted over the network.

Each DBMS serves a stream of requests or
enquiries from «its» work station (WS). It allows
dividing a general stream of requests to DB ( p ),

weakening the influence of critical ratio:

y)
p=;<1, (1)

where A is an intensity of stream of requests to
DB, and M is an intensity of processing stream.

Ratio (1) influences average request

processing time (T ;., ):
t

Toﬁm = ot ’ (2)
l-p

where 1, — «pure» processing time per request.

If we assume that with presence of DBMS
on each WS processing time will depend on the
situation developing on this WS, then:

T — taﬁm

obca 1 1

_pl

(3)

where P, =——,nisanumberof WS. A centralized
np

DB shows a certain disadvantage of data access
process as the location of data within the sole
server causes queues and operation interruptions.
Within a distributed DB the data is divided by
segments which are located at respective WS. But
this causes problems of access to DB segment
located at a certain i WS from another i+n WS.

We shall solve the problem of synchronization and
access if we use principles of cycle circulation of
DB segments within the network. All the segments
can pass consequently from one WS to another,
once there is a mechanism that provides for
circulation of segments exclusively among the WS
that interact with those segments. The work [4]
suggested such mechanism which is a method of
limited circulation or of addressed segments. The
same article described the technology of operation
of a DB with limited circulation of segments, WS’s
behavior during accessing the segments, as well
as analyzed the time of request processing and
conflict solution during processing of complex
enquiries within network DB with circulating data,
and algorithm of searching and neutralizing of
cross-references.

For each segment, the server creates a table
of addresses (TA) of workstations where this
segment is to be processed. This table changes
dynamically over time. TA of workstations includes
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the following fields: a field containing a list of
addresses (numbers, names) of WS, to which a
segment should be directed; reference frequency
of WS’s requests to this segment (the number
of requests for a certain time interval) and other
statistical information [4, 5]. Besides TA a list of
priority addresses of a WC is also compiled and
then permanently located at a respective WS.

The server executes the main function of
transmitting and modifying of a table of addresses.
This operation is similar to WS’s operation of
segment transmitting, the sole difference been the
need to generate relevant coefficient for complex
requests which is a priority of a complex enquiry
[5]. A WS executes simple operations of generating
a recording number, of defining a number of a
segment for this recording, and of a calling for the
method of segment receiving. A WS does nothing
until it receives all necessary segments. Then itadds
time which was necessary to receive a segment for
processing to the variable, common for all WS, as
well as it incriminates another common variable
for further calculating of mean queuing time (first
variable will be divided by the second).

As an auxiliary technique of reducing DB
server’s load, one can use a variant referring
to distribution of DB segments among auxiliary
servers [4, 5]. Different algorithms can be used
to that purpose, and the choice there-of depends
on divers parameters like request frequency,
dimensions, mean number of WS between which
a segment circulates, distance or route between
a WS and the server [5].

DB with limited circulation has certain
advantages:

- its maximum flexible applicability due to the
mechanism of limited circulation;

- its applicability in global networks;

+ minimization of access time due to SPMD
technology and limited circulation [4];

* restructuring DB to the new conditions occurs
automatically and without additional costs;

» since mechanism of limited circulation — is a
mechanism of functioning of a client and a server,
it is possible to combine it with any existing DB.

While creating simulation system Java
script was considered as most appropriate. The
development environment was Eclipse which
is free share soft package of Java applications
developed by IBM.

The time of access to DB (time of waiting by WS
of a requested segment) is the integral criterion
of efficiency of DBMS. The criterion is illustrative

and important as a WS which has generated an
enquiry to get a record should be able to get it as
soon as possible and that depends on developer
of a DBMS. The main task is to determine the
influence of different parameters of the system and
its operation conditions on segment waiting time.

The developed system contains two main
modules. The first one is that of user — system
interface and the second one is a simulation
module.

Block diagram of the user’s interaction with
the system is shown in Pic. 1. In block 1 occurs
initialization of graphic interface. The program
window contains several fields to specify the
input parameters, as well as points of control
menu which provide procedures specified in
blocks 3-7.

The block diagram of the simulation module
is shown in Pic. 2. In blocks 7-1 variables are
initialized (their values are received from the first
module). One of the variables is the number of WS
used for the starting cycle of streams- workstations
(7-2-7-4), aswell as for stopping (7-6 — 7-8). After
starting the streams the main module suspends its
performance for time equal to one run (block 7-5),
so that, at this moment only streams- workstations
work. In block 7-9, the average waiting time for
records of WS is calculated.

Module of the user’s interaction with the
system is a convenient graphical framework to set
parameters and start the simulation (Pic. 3). Using
the interface, the user can:

1) specify a range for each parameter;

2) set time for one run;

3) set the maximum number of runs for each
parameter;

4) set a path to the file to save the results;

5) reset all values in all fields to their default
values;

6) save the settings to a file;

7) download settings from a file;

8) start the simulation.

The second module should receive variables
of different types as input parameters.

Pic. 4 and 5 show fragments of a simulation
system work that implements the model of a
network DBMS with limited circulation of segments.

Until the process is complete, system does
not make any output. After the program shall
have been accomplished, the user will receive
a message stating that the result is stored. The
ndout-file should be opened in WEB-browser or
under text editor.
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Starting simulation
process. Beginning

Initialization of values of
basic variables

7-2

Start cycle of streams from
0 to the number of
workstations

7-3

Start of streams-
workstations

7-4

Start cycle of streams

7-5

Delay, equal to simulation
duration

7-6

Stop cycle of streams,
from 0 To the number of
workstations

7-7

Stopping of streams-
workstations

7-8

Stop cycle of streams

7-9

Setting average waiting
time for records

Starting simulation. End

Pic.2. Block diagram of the simulation of a
network database.

Using the developed simulation system it is
possible to track how different parameters affect
the waiting time of workstations for segments, as
well as to identify the advantages and disadvantages
of two DBMS architectures — centralized and with
limited circulation of segments.

Pic. 6 is a graph assessing the impact of the
size of DB on DBMS performance. The number of
records in the database varies from 50 to 500. Itis a
pretty big range, which shows a clear dependence
of delays in different sizes of DB. Since the number
of clients is constant, the increase in the number of
records in one segment reduces the waiting time for
segments, because «interests» of WS with respect
to different records «intersect» rarely. Thus, a large
DB makes it possible to learn advantages of DBMS
with limited circulation of segments.

Pic. 7 shows a graph of assessing the impact
of the number of records in one segment on DBMS
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Pic.5. Message to the user on the successful completion of

simulation process.

performance. The parameter ranges from 8 to 200,
and the more records there are in the segment,
more frequently the segments will be demanded
by WS.

Increasing the number of records in a segment
causes that workstations often refer to same
segments, so the graph increases. A slight decline
at the end of the graph is induced by the fact
that when the number of records in the segment
is above 100, it is necessary to deal with two
segments, and all runs after this mark are, in fact,
identical. Dispersion of 70 ms is very small, and it
can be considered as an error.

Assessing the impact of the frequency of
complex queries on DBMS performance is shown
in Pic. 8. Their percentage ranges from 5 to 80,
and an increase in frequency indicates how such
requests increase the waiting time for segments.

It is obvious that the frequency of occurrence
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Pic.6. Graph of dependence of DBMS performance
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of complex queries affects the waiting time for
segments in both architectures.

Greater benefit from architecture with limited
circulation of segments is available in the case
when the number of complex requests in the
system is extremely small.

Pic. 9 provides an assessment of the impact of
the number of clients on DBMS performance. This
parameter varies from 5 to 100.

Graph rise shows that the larger is the number
of clients, the more is waiting time for segments.
This is due to conflicts, since the number of
segments is the same, and the number of clients
is more, their «interests» very often «intersect», so
workstations wait for release of relevant segments
longer. Advantage of a database with limited
circulation appears to a greater extent in the
case where the number of clients of the system is
comparatively large.
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Pic. 10 illustrates the impact of DB request
frequency on DBMS performance. Let the average
time between requests vary from 100 to 3000 ms.
The less often arise requests, the less should be
the waiting time. For example, 100 msec interval
means that after every request «flow-WS» station
is «inactive» for a random period of time from 50
to 150 ms.

Increase in station downtime at constant
processing time of segments reduces waiting time.
This is due to the fact that workstations do not work
synchronously. In other words, during downtime of
some WS, the rest WS can exchange segments.
Increase in downtime reduces frequency of
requests to the server, so the graph demonstrates
it clearly. Since graphs and numerical values of
parameters for each architecture are very similar,
in this situation it is difficult to make accurate
conclusions about what kind of architecture should
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Pic.12. Dependence of DBMS performance from the
number of records in complex requests.

be preferred in case of different frequencies of
requests addressed to DB.

Pic. 11 shows a graph of dependence of DBMS
performance from processing time of segments. This
parameter implies the sum of all time delays during
work with the segment, and the major index is a time
of segment transmission via the network. Processing
time of segments varies between 100 and 3000 ms.
The longer segment will be at the i-th WS, the longer
should be waiting time to obtain a segment.

The graph confirms the assumption that the longer
is segment’s processing, the more is waiting time of
WS for these segments.

Assessing the impact of the number of records in
complex queries on DBMS performance is shown in
Pic. 12. The maximum number of records in a complex
request varies from 2 to 25 and the more segments will
be expected by a WS, the longer should be the waiting
time for these segments.

Conclusions. According to simulation results, the
following conclusions can be made:

- better performance will be achieved if the ratio
of the number of segments to the number of users is
greater than 1;

« increasing the number of complex queries and
the number of segments causes growth of waiting time
for the segments, this parameter is also negatively
affected by high user activity and frequency of requests
to DB;

+ when using a centralized architecture (one
segment) all WS refer to the same segment, so in
almost all cases, the total waiting time is more than
using architecture with limited circulation of segments
(multiple segments);

« limited circulation is a promising direction in the
development of database architecture;

« when the number of segments with the same
number of records in the segment grows, waiting
time for the segment decreases at constant number
of clients;

« when size of a segment grows, waiting time
increases;

« when number of users grows, waiting time for the
segment increases.

If request of a WS does not contain request for
data modifications, a segment can be transmitted
immediately to the next workstation, without waiting
for the completion of processing. Since most requests
to DB require a search for information, rather
than its change, it allows multiple workstations to
simultaneously process a single segment, thus
accelerating circulation and reducing waiting time for
the segment.

Developed simulation system thatimplements the
model of a network DBMS with limited circulation of
segments enables to simulate the behavior of various
DBMS architectures and to assess the necessary
parameters of engineered DBMS. Simulation system
can provide answer to the question whether DBMS
engineered under certain conditions and using certain
paramters will be really efficient.

Keywords: information, database management system, system performance, circulation of segments,

simulation.
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Anexcen LLYPMNAJIb
Alexey E.TSURPAL

Bnapgumup KOCTIOKOB
Viadimir N.KOSTYUKOV

Haetcs ouyeHka cywjecTsyouiei
CUCTEeMbl 3KCIJTyaTaLun i peMOHTa
noABMXKHOIO COCTaBa )XeJ1e3HbIX [OPOr.
0603Ha4YeHbl OCHOBHbIE ee He4OCTaTKu
¥ crnoco0bbl nx yCTPaHeHUsl, OGHUM

U3 KOTOPbIX SIBJII€TCS OPraHn3auymns
Hafe>XHOro MOHUTOPUHIra TEXHU4YeCKOro
COCTOSIHUSI HanboJsiee OTBEeTCTBEHHOIro
ob6opynoBanus. MpueeneHs onucaHne
¥ 0CO6EHHOCTU PYHKLIMOHNPOBaHUS
S/1IeKTPOMALLUNHHOIO Npeobpa3oBareris.
lpegnoxeHa meToguka
AnarHocTupoBaHus npeobpa3oBaTesis
8J1eKTPOBO3a Mo napamMeTpam CrneKkTpa
Tpex¢ga3Horo nepemMeHHoro Toka, B ToM
qucsie UCriPaBHOro v ripeaaBapunHoro
cocTosiHus arperatoB. llpoBepeHa

v noaTBep)XKaeHa afeKkBaTHOCTb
MeToAuNKU, 3TO CAENNaHO Ha OCHOBE
AaHHbIX, MOJTY4YeHHbIX NPy SKcrjyaraunn
BKCrnepuMeHTasIbHOM YyCTaHOBKM.

KnroyeBsbie crnoBa: 371eKTpoB0o3,
TexHn4deckas gnarHoctvika,
B3J1IEKTPOMALLVHHbIV TPeobpal3oBaTte/ib,
ancbanaHc, CrekTp rnepemMeHHoOro

TOKa, 6opPTOBAasi cucTema MOHUTOPUHra,
SKCriepuMeHTa/lbHas yCTtaHOBKa.
|
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HAYKA U TEXHW

AunarHocTupoBaHue 3J1IeKTPOMAaLUUHHOIO
npeoobpasoBarens 3sieKkTponoespa
B YCJIOBUSIX 3KCIlyaTaunum

Kocmioxoe Baadumup Huxoaaesuu — dokmop mex-
HU4eCKUX HayK, npogeccop, eenepanvhviii OupeKmop
000 HIII] «/lunamuka» (Hayuno-npouzeoocmeerHbiil
yenmp «/luacHocmuka, Ha0eHCHOCMb MAUUH U KOM-
naekcHas asmomamusayus»), Omck, Poccus.
Ilypnaav Anexceii Egeenveeuu — Hayunblii compyoOHUK
000 HIII </lunamuxa», Omck, Poccus.

OBBIIICHUE SKCIUTyaTallMOHHOM Ha-
JIEXKHOCTU MOTOPBAarOHHOTO TIOBUXK-
Horo coctaBa (MBIITC) nmytem cBoeB-
PEMEHHOTO OOHAPYXXEHUST U YCTPAHEHUSI Jie-
(bexTOB Ha HavYaIbHOU CTAAUU WX PA3BUTHS
BCEraa CUMTANIOCh MPUOPUTETHON 3amaveii
CHCTEMBbI TEXHUYECKOTO 00CITYy>KUBAHUS U Pe-
MOHTA XKeJE3HOAOPOXKHOM TeXHUKH [1].
Cyl1iecTByloliee MoJIOXKeHNe, MPU KOTO-
POM TIOABMXKHOM COCTaB MOIIEPKUBACTCS
B HaJUIeXallleM TeXHUYECKOM COCTOSIHUM
3a CYET CUCTeMbI TUTAHOBO-TIPEIYITPEANTEIb-
HBIX 00CTY>)KMBaHUsI M1 pEMOHTa, ITperoara-
€T pacxoJ 00JIbIIOTO 00beMa pecypcoB
Ha IIpOBeIcHNE perjlaMeHTUPOBAaHHBIX paboT
BHE 3aBUCUMOCTH OT (DAKTUYECKOTO COCTOSI-
HUsI TOro WM uHoro arperata cekuuu MBIIC.
ToBopst MHaUe, CKPBITHIN XapaKTep 3apOKiae-
HUS 1e(DEKTOB M MOSIBJIEHUSI HEUCTTPABHOCTEM
MPUBOJUT K BHEIJIAHOBOMY PEMOHTY M Kak
CJIEICTBYE — K JIOTTOJTHUTEJIBHBIM 3aTpaTaM.
PeiieHuto 0603HaY€HHBIX TPOOJIEM MOXET
MoMoYb OOpTOBasi CMCTeMa MOHUTOPUHTA
TEXHUUYECKOTO COCTOSTHYSI, 0OeCTIeurBaIoIast
OILIEHKY B peaJlbHOM BPeMEHU KaXXI0Tro arpe-
rata u (GopMUPOBaHUE OOBEKTUBHOM MHMOP-
Mallu O BOBMOXKHOCTH €0 NaJbHenIel 9K-
crutyataluu. D¢G¢GeKTUBHOCTD TaKOH CUCTe-



MBI 3aKJII0UaeTCs B €€ HeIIpephIBHOI padoTe,
TO €CTbh IIOCTAHOBKE NMArHo3a ¢ MepUuOIOM,
BO MHOTO pa3 MEHBIINM Ieproaa pa3BUTUSI
HEUCIPAaBHOCTHU 10 KPUTUUECKOTO (TIpenesib-
HOTO0) COCTOSTHUS [2], 94TO 1aeT BO3MOXHOCTh
OPUEHTUPOBATHCS Ha (PaKTUIECKOE TEXHUYE-
CKO€ COCTOSTHME ITOJABMXKHOTO COCTaBa C yXO-
JIOM OT PECYPCOEMKOM IJTAHOBO-TIPEIYTIPEIM -
TEJIbHOI CHUCTEMbI PEMOHTA.

OmHoli U3 3aga4 TPy BHEAPSHUU YIIOMSI-
HYTOM CUCTEeMBbI 3KCIJIyaTalluu SBISETCS
pa3paboTKa METOAMKMN AMAarHOCTUPOBAHUS
TEXHUYECKOTO COCTOSIHUSI 000pydOBaHUS
BcrioMorareabHbIX 1eneir MBIIC.

CyliecTByIole METOAUKN (PYHKIINO-
HaJIbHOTO IUATHOCTHPOBAHMUS 3JIEKTPOOOOPY-
JIOBaHUS TI0 TTapaMeTpaM CIIeKTpa BJICKTPH-
YeCKOTO TOKa MpearoJiaralor, YTo B X0Ole
MPOBEPKU 000pyIOBaHKE pabOTAET B yCTaHO-
BUBILIEMCS PEXKMME, a CTPYKTypa 2JIeKTpruye-
CKOI1 LIenU He U3MEHSIEeTCsl BO BpeMeHHU [3].
Mexmy TeM, BCIOMOTaTeIbHbIE LISITH COBPEe-
MEHHBIX 3JIEKTPOIIOe3/10B 00J1a1at0T CJI0XKHOMK
TOIIOJIOTUEN Y MEPEMEHHOM CTPYKTYpPOI, CO-
CTOSIIIIEN M3 BBICOKOBOJIBTHOM YaCTU — LIETIU
MOCTOSTHHOTO TOKa ¢ HarmpsixkeHuem 3,3 kB,
KOTOpasi o0ecrieyrBaeT MycK, MMTaHUE 1 3a-
LIUATY JIEKTPOMAIIMHHOTIO IIpeodpa3oBaTeis,
a TakXe MUTaHME BBICOKOBOJIBTHBIX MeYei
OTOTUICHUSI, U HU3KOBOJIBTHOM YaCTU — TPEX-
(a3HoIi LIeTH ITepeMEeHHOT0 TOKa C JIMHEMHBIM
HanpskeHueM 220 B uyacroroii 50 Ii1, reHe-
PUPYEMOTO 3JEKTPOMAIIIMHHBIM IIPeo0pa3o-
BaTeJieM IJIsl MUTaHUS BCIIOMOTaTEeJIbHOI'O
000pyI0BaHUs BJIEKTPOIIOe3/a, 3apsiaKu aK-
KyMYJISITOPHOI Gatapeu M MUTaHUS lierei
yIIpaBJICHMSI.

IIpoBeneHHbIe NccaenoBaHus [4], a TakKe
TEXHUYECKUI aHAJIM3 IOPY, HEUCIIPABHOCTEH
1 HEeTIAHOBOT'O PEMOHTA 3JIEKTPONOE310B [5]
MMOKAa3bIBAIOT, YTO B CHCTEME BCIIOMOTIaTe/Ib-
HBIX IIeTIeil MOCTOSTHHOI'O TOKa, HaumboJjiee
MMOABEPKEHHBIM BHE3aITHBIM OTKa3aM SIBJISI-
eTCsl AJIEKTPOMAIIIMHHBIN TTpeodpa3oBaTellb
(manee — rmpeoOpa3oBaTeb).

IIpeoOpazoBaTeb — 3TO IBYXMAIIMHHBI
arperat, COCTOSIIMI U3 BJIEKTPUIECKOTO
JIBUTATEJISI TOCTOSIHHOTO TOKA U CUHXPOHHO-
ro reHepaTopa, pacrloJIO(KEHHBIX Ha OTHOM
Bany. Ha sanektponoe3nax cepuu DJ14M Ha-
yuHas ¢ 2011 roga BbIITyCKa yCTaHOBJIEH
npeodpasosartenn 1I1B.7. IBurarenb ero
MMpeaCcTaBIsIeT CO00H IBYXKOIIEKTOPHYIO
MAIIIHY TOCTOSHHOTO TOKa CO CMEIITaHHBIM

B030yxxaeHrueM. OnHa 13 0OMOTOK BO30YKIe-
HUs (cepuecHasi) BKJIIOUeHa IToCIe10BaTe Ib-
HO ¢ OOMOTKOW sIKOpsi, Apyrasi (He3aBUCH-
Mas) B IIpollecce MycKa IMoJiydaeT MUTaHUe
OT aKKYMYJISITOPHOII baTapeu, a mpu yCTaHO-
BUBIIIEMCS pexKUMe PadOThI — OT BHIIIPSIMU-
TE€JIbHOM YyCTAaHOBKMU, IIUTAEMOMU B CBOIO
ouepenb TpexdasHbIM HaNPSKEHUEM TeHe-
patopa. [eHeparop npeobpa3oBaTesiss — ye-
THIPEXIIOJNIIOCHAsI CUHXPOHHAas MalluHa
C SIBHO BBIPAXKEHHBIMU ITOJIIOCAMU, PACIIOJIO0-
KeHHBIMU Ha BaJly. Bo30yxXneHue reHepaTo-
pa — He3aBUCUMOE, OOMOTKA BO30YKICHUS
MoJiyJaeT NMUTaHUEe aHaJOTMYHO HE3aBUCU-
MOIi 0OMOTKE BO30YKIEHUS ABUTATEIS.

K BeIBomam Tpexda3Hoil cTaToOpHOIT 00-
MOTKHM IFeHepaTopa IMOCTOSHHO MOIKIIOYeHBI
BBINIPSIMUTE/IbHASL YCTAHOBKA IS TTUTaHUS
00MOTOK BO30YXJIeHUs Mpeodpa3oBaTess
¥ Tpexda3HbIil TpaHchOpPMaTop, OT KOTOPOTO,
B CBOIO Oouepeib, MoJyJaeT MUTaHUE IIIeCTU-
MYJIbCOBBII HEYIPaBIsSIeMbIiA BHIIPSIMUTEb,
obecrneuynBalOIii HU3KOBOJBTHBIC LIETU
yIpaBJICHUS BBIIPSIMICHHBIM TOKOM Hampsi-
xeHueM 110 B u 3apsin akkymynsiTopHO# Oa-
tapeu. OcTajibHbIE TOTPEOUTEIN TTOIB3YIOTCS
Tpexha3HOI LIeTbIo IEPEMEHHOTO TOKa I10 He-
00XOIMMOCTH — KOMIIPECCOPHBIM arperat
MOIKITIOYACTCS MPU MaAeHU U TaBICHUS B U -
TaTeJIbHOM MaruCTPaIu 3JEKTPOITOe31a HIKe
6,5 Krc/cM? 1 OTKJII0YAETCs IIPU JOCTHKEHUI
JaBJIeHUsI 8 KIc/CM?, a DJICKTPUYCCKUE JIBU-
raTeJiv BEHTWISLIMY TaMOypOB U KIIMMaTH4e-
CKOI YCTaHOBKH, KaK M OCBEIIEHHE cajloHa
Y TOTIOJTHUTEIBHBIN 000rpeB KAOMHbI, BKITIO-
YaloTCs JIOKOMOTUBHOI Opuramoii [6].

Ycnosus paboThI Tpeobpa3oBaTesist XapakK-
TePU3YIOTCS CYIIECTBEHHBIM KoOJieOaHUEeM
TMUTAIOLIEro HANPSLKEHUS B Ipeesiax ot 2,7—
4 xB, a Takxe 4aCThIM U3BMEHEHEM BEJTMIMHbI
Harpy3ku ot 5—7 A Ha ¢a3y B pexxume IuTa-
HHUS COOCTBEHHBIX OOMOTOK BO30YXXIEHUS
U 1enei ynpasieHust 1o 170 A B pexume
BJIEKTPOAMHAMUYECKOTO TOPMOXKEHUSI, KOTIa
TOK OT FeHepaTopa Ipeodpa3oBaTeIs IoIyda-
€T YIPaBJSIEMbIA IOJIYIIPOBOIHUKOBBIA BbI-
MPSIMUATE]Tb, TATAIOLINIA 0OMOTKHU BO30YXK/Ie-
HUS TSTOBBIX dJIeKTpoaBuraTeneii. Ha ycio-
BUsI paOOTHI TTpeoOpa3oBaTeisl BIUSIOT, KpOMe
TOr0, KOJIeOaHUS TeMITepaTyphl U BIaXKHOCTH
OKpYXarolllel cpeabl, 3HAUYNTEIbHbIE 3HAKO-
nepeMeHHbIe TMHaMUYecKue Harpy3ku [7] u,
YTO HEMaJOBaXXHO, HECOOIONEeHNE TTPaBUII
sKcIuTyaTauuu. Hanumume mepedmclieHHBIX
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Puc. 1. Cxema BcrnoMoraresibHbIX Lerne 371eKTponoe3aa noCcTossHHOro Toka
npu pabote ¢ MUHUMAasIbHOWV Harpy3Ko#.

(GaKTOpOB CYIIECTBEHHO CHUXAET pecypc
arperata U MOXET SIBUThCS MPUYMHOM ero
MpeXaeBpEeMEHHOTO BHE3aITHOrO BhIXOIa
W3 CTPOST U CBSI3aHHBIX C 9TUM MaTepUaJIbHBIX
MOoTepPb.

Jns 5pHEeKTUBHOIO N1MarHOCTUPOBAHUS
npeodpa3zoBartesis 1Mo apamMeTpaM CIIeKTpa
Tpexda3HOro MepeMeHHOro ToKa ClaeayeT
OCYILECTBIISITh aHAIU3 CIIEKTpa TpeX(ha3zHOro
TepeMeHHOro ToKa mpu paboTe mpeodpa3oBa-
TeJIsl C MUHMMAJIbHOM HAarpy3Koii. DTo 1mo3Bo-
JISIeT UCKJTIOUUTh BJIMSIHUE TOKOB ITOTPEOUTE -
Jieit Ha hopMy cHUTHajIa TepeMEHHOro ToKa
reHeparopa npeobpaszosatens. B naHHoM
peXumMme, Kak yXe OTMe4aaoCh, MOYTH BCS
TeHepupyeMasi MOIIIHOCTb PACXOIYyeTCs Ha T -
TaHUe OOMOTOK BO30YXKIEHMS 1 LIeTIel yIpaB-
nenus. Ha puc. 1 nmpuBeneHa yrnpoiieHHas
9JeKTpUYecKas cxemMa BCIIOMOTaTeJIbHBIX

Lienel aJeKTpornoesaa Mpyu padboTe ¢ MUHM-
MaJIbHOM Harpy3Kom.

CnexTp (pazHOro ToKa npeodpasoBartesist
MPU TAKOM pexXuMe (puc. 2) 10CTaTOYHO I -
pok. ITpucyTCTBYIOT BCe TapMOHUKU OCHOB-
HOI YaCTOTbI, HAJIMYKUE KOTOPHIX BHI3BAHO
BKJIIOUEHHMEM B Tpexda3Hyo 1IeTb OAHOIOY-
MEPUOAHBIX BBIIPSIMUTEICH IJIsI TUTAHUS
00MOTOK BO30Yy:KIeHUs TTpeoopasoBaTens. Mx
YPOBEHb BOJIHOOOpa3HO yObIBAET C YBeJINYE-
HUEM YaCTOTHI [TOA00HO0 YHKIMH [sin (X) |/X.
HckroueHreM 31ech SBISIOTCS TapMOHUKU
nopsiaka 6-k+1 (k — HaTypajJbHOE YMCIIO),
reHepupyemMbie Tpex(a3HbIM MOCTOBBIM BbI-
MPSIMUATEJIEM, CIYKAIIAM TSI 3apSIIKA aKKy-
MYJSTOpHOI OaTtapeu M MUTaHUS Liernei
yIpaBJICHMUSI.

Ddusmyecknii TPUHLIMI, MOJO0XEHHBIN
B OCHOBY CIEKTP-TOKOBOI NMarHOCTHMKH,

OCHOBHaA
4yacToTa

L

AMMNnnUTYAa

-

rapMOHUKW OCHOBHO
4YacToThl nopagka 6k+1

~

NN

] T\lTTH‘I‘ﬁ—f

YacTtoTa

Puc. 2. Mogens cnekTpa ¢pa3Horo roka npeobpasoBaresisi npy paboTe BCIOMOraTesibHbIX uenei
C MUHUMaJIbHON Harpy3KoW.
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ThaHcopMaTopHbIid NpeofpazoBaTans Toka

W3mepuTenbHbIA
MOAynb Ha Oasze
8-kananeHoro ALIN

MopratveHas JBM (HoyTOyk)

ThaHcopMaTopHbIid NpeofpazoBaTans Toka

TpaHchopMaTopHeIA MpecSpazoBaTens ToKa

Puc. 3. CTpykTypHasi cxema 3KCrnepuMeHTasibHOW yCTaHOBKM.
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Puc. 4. Cnektp ¢pa3HOro roka ncnpaBHoro npeobpa3oBartesis npy pabore ¢ MUHUMAasIbHOW Harpy3Ko#n.

3aKJTII09aeTCsI B TOM, YTO JIFOObIE BO3MYILIEHUS
B paboTe 2JIEKTPUYECKON U/WIN MeXaHude-
CKO¥1 YaCTH 3JIEKTPUYECKOI MallTMHBI TPUBO-
ISIT K U3MEHEHUSIM MarHUTHOTO IMOTOKa
B 3a30p€ 2JIEKTPUIECKON MAIlIMHBI U, CJIEI0-
BaTeIbHO, K MOIYJISILIUM TIOTPEOJISIEMOTO UTH
TeHepUPYEMOTO TOKa.

AHanu3 crieKTpa Toka — CIoco0 JuarHo-
CTUKHU, TIPU KOTOPOM B T€UEHUE 3alaHHOTO
WHTepBajla BpEMEHU 3aIlChIBalOT MTHOBEH-
HbIe 3HAYEHMST TOKOB, TTOTPEOISIEMBIX WU
TeHEPUPYEMbIX MAIIMHOM, IMPOU3BOMAST ObI-
cTpoe rpeodpazoBanre Dypbe 1 BHITTOIHSIOT
CpaBHEHME 3HAYCHWI aMITJIUTY/ Ha 4aCTOTax
MPOSIBJICHUS Te(eKTOB C YPOBHEM CHUTHaJIa
Ha OCHOBHOIi 4aCcTOTe TOKa.

Kaxk nmoka3sbIBaeT rpakTrka 3KCIuTyaTalim
rnpeoOpa3oBaTesieil, OCHOBHbIMY TPUUYMHAMU
BBIXOJIa X M3 CTPOSI OCTAIOTCST pa3daHIaXu-
pOBKa sIKOpeil u aedeKThl MOAIIUITHUKOB,
pa3BUTUE KOTOPHIX MPOUCXOAUT HAMHOTO
ObICcTpee ITPU MOSIBIIEHUU quchaiaHca poTopa.

[TosToMy 17151 paHHETO BBISIBIIEHUS «ITPOOJIEM-
HBIX» MAIlIMH CTOUT YAEJSATh 0CO00e BHUMA-
HUE TIOSIBJIEHUIO B CTIEKTPE TOKa 000POTHOM
YaCTOTHI B BUJIE MOIYJISIIIY TAPMOHUK OCHOB-
HOIf yacToThl. Tak Kak reHepaTop rmpeodpazo-
BaTeJIsl SIBISIETCST Y€ThIPEXITOTIOCHOW Malliu-
HOI1, 9yacToTa BpalleHUs Baja Ipeodpa3oBa-
TeJIsl BCEeT/Ia paBHa MOJIOBMHE OCHOBHON ya-
CTOTHI TOKA, W MPU HaJIW4IuM aucdanaHca
poTopa B CIEKTPe TOKA JOJDKHBI TTOSTBUTHCS
OOKOBBIE TIOJIOCKHI Ha paccTostHuM 25 Ti1 cieBa
U CIIpaBa OT OOOPOTHOU U ee TapMOHUK. Ta-
KM 00pa3oM, TIp1 BpallleHUH BaJia mpeodpa-
30BateJist co cKopocThio 1500 06/M1H 1 cOOT-
BETCTBYIOIIEH YacCTOTE TEHEPUPYEMOTO TOKa
50 Ti1 HaIEeXKHBIM TUAarHOCTUYECKUM TTPU3HA-
KOM aucbanaHca OyaeT HaJIuuyue B CIEKTpe
TOKa COCTaBJISIONINX Ha yacToTax 25, 75, 125
IiuT o

MeTonnka MuarHoCTUPOBAaHMS TIpeodpa-
30BaTesIeii, OMMparoNIasicsl Ha aHAJIN3 CTIEKTPa
Tpexha3HOTo MepeMEeHHOTO TOKa, B JaHHBIN
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Puc. 5. Cnekrtp ¢pasHoro Toka npegasapuiiHoro npeo6pasosartessi npu pabote ¢ MUHUMAasIbHOV HarpPy3Koi.

MOMEHT peajii30BaHa B BUIEC IKCIIEPUMEH-
TaJbHOW ycTaHOBKM (puc. 3), cocTosiei
13 TpaHC(OPMATOPHBIX Mpeodpa3oBaTeseii
TOKa, TTOIKJTIOYEHHBIX K aHAJIOTOBBIM BXO/IaM
M3MEPUTEJIbHOTO MOIYJIS Ha 6a3e 8-KaHajlb-
Horo 16-6utHoro gensra-curma-ALLI  00b-
€IMHEHHOTO C HUM B JIOKQJIbHYIO CETh HOYT-
Oyka co CIlelMaJIM3UPOBAHHBIM ITPOrpaM-
MHBIM 00€CIeueHUEM.

C LIeJIbIO MOTYYEeHUST SKCTIepUMEHTATbHbBIX
JAHHBIX OBUIM 3alMCcaHbl CUTHAJIBI Tpexdas-
HBIX TIEPEMEHHBIX TOKOB ITpeobpa3oBaTeeit
Ha cTaJIuM BBOJA B 9KCILIyaTaIMIO U TIpeodpa-
30BareJsieil, 0TpabOTaBIIMX OT OAHOTO JI0 IBYX
JIET, B TOM YMCJIe U HaXOAMBILIMXCS B TIPe.-
aBapUiTHOM COCTOSTHUM.

B kauecTBe npuMepa Ha puc. 4 ipuBecHa
crnekTporpaMMa a3HOro TOKa MCIpPaBHOIO
npeodpa3oBaTeis, a Ha puc. 5 — mpeodbpaso-
BaTesIsI, HAXOMSIIErocsl B MpenaBapuiiHOM
cocTostHuM. M3 puc. 5 BUIHO, YTO B CIIEKTpe
TOKa IpeaaBapruitHOro Tpeodpa3oBatesisi Ipko
BBIPAXKEHBI COCTABJISIIOIIME C YaCTOTOM 25 1 75
I — 2TO MOAYNSAIMSI OCHOBHOI YacTOTHI,
BbI3BaHHAsl YaCTOTOM BpallleHMs BaJla Mpeo-
Opasosatesisi. Hamuuue takoii coctaBisiionieit
TrOBOPUT 0 aucbanaHce poTopa [2] mpeobdpa-
3oBateis. [Ipruem B pesyibTaTe ocMOTpa
BBISICHUJIOCH, UTO NIPMYMHOM nucbanaHca
SIBUWJIACh pa30aHIaKMPOBKa SIKOPHO 00MOT-
KU IBUTATEJIsI peodpa3oBaTes.

BbiBO4bl
1. Haubonee yacToii MpUYMHOM BBIXOJA
M3 CTPOST JIEKTPOMAIIMHHBIX ITpeodpas3o-

® MUP TPAHCNOPTA 04

BaTesieil siBysieTcs pa3dbaHaaXKMPOBKa SIKO-
pst U 1eeKThl MOALIUITHUKOB.

2. B cniekTpe ToKa reHepatropa OJHO3-
HAYHO BbIAENsIeTCS 000POTHAS YaCTOTA.

3. YcTaHOBIEHO, YTO MPU HATUYUU TUC-
banaHca poTopa 3JeKTPOMAIIMHHOIO Mpe-
obGpasoBaTesisi B ciekKTpe TpexdasHoro
MepeMEHHOTO TOKA MOSIBJSIIOTCS COCTaBISI-
folIKe Ha 0OOPOTHOM YacToTe B BUAE MO-
JIYJISIUMU TAPMOHUK OCHOBHOM 4aCTOTHI.

JINTEPATYPA

1. BezonacHas pecypcocbeperaroiiasi SKCrjiyaTa-
uust MBIIC Ha ocHOBE MOHUTOPUHTA B peaibHOM
Bpemenu /B.H. KocTtiokos, C. B. Cuzos, B. I1. Apuc-
ToB, A. B. KoctiokoB //Hayka u Tpancmopt. — 2008
(cneu. Boinyck). — C. 8—13.

2. KoctiokoB B. H., Haymenko A. I1. OcHOBBHI
NMArHOCTUKM ¥ MOHMTOPMHIA MAILIMH: y4eOd. MOoco-
6ue. — Omck: M3g-Bo OMI'TY, 2011. — 360 c.

3. IleryxoB B. C., CokosoB B. A. JluarHoctuka
COCTOSTHUSI DJIEKTpoJBUTaTeNieli. MeTom creKTpaib-
HOTO aHanu3a norpebdbasiemoro toka // HoBoctu
anekTporexHuku. — 2005. — Ne 1 (31). — C.50-52.

4. Uypnanb A. E. AHaiu3 HeucnpaBHOCTEI BCTIO-
MOTaTeJIbHBIX MAIlTMH MOTOPBAarOHHOTO TIOJBUXXHOTO
cocTaBa C 1LeJIbl0 UX IMarHoctupoBaHus // Hayka,
obOpa3oBaHue, 6uszHec: Martepuanbl Bcepoc. Hayuy. —
npakT. KoHp. — Omck: U3-Bo OMITY. — 2011. —
C.222-223.

5. TexHM4YecKMil aHaAIM3 MOPY, HEUCIIPABHOCTEM
¥ HeTUTAaHOBOTO PEMOHTA 3JieKTporoe31oB 3a 2008 rox.
VipaBieHue MPUTOPOIHBIX MACCAXKUPCKUX IEPEBO30OK
JlemapraMeHTa maccaxupckux coobmenuit OAO
«PXK». — M., 2009.

6. I[pocsupuH B. K. DinekTporioesna mocTossHHO-
o TOKa C 3JEeKTPUYECKUM TOPMOXEHUEM. — M.:
Tpancusnar, 2000. — 328 c.

7. ®eniokoB 0. A., Mapuenko E. A., ®oruku-
Ha C. B. Pexxumbl pabOThI M IMarHOCTHUKA BCITOMOTa-
TEJIbHBIX MAllIMH 3JI€KTPOBO30B IMEPEMEHHOTO TOKa//
JlokomoTus. —2011. —Ne 7. — C.32—-33. ®



TROUBLESHOOTING OF TRANSVERTER OF ELECTRIC TRAIN UNDER

OPERATION CONDITIONS
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ABSTRACT

The authors assess the existing system of
operation and maintenance of railway rolling stock
in Russia; identify its main disadvantages and
challenges. They argue that it is crucial to organize
reliable monitoring of technical state of the most
critical equipment. Following the description of the
features of transverter of electric train, they suggest
a method of its troubleshooting which is based on
monitoring of parameters of spectrum of three-
phase alternating current. The method refers to both
operational and pre-accident conditions of devices.
Adequacy of the procedure is tested and confirmed
on the basis of data obtained during the operation of
the experimental plant.

ENGLISH SUMMARY

Background. Improvement of operational reliability
of multiple units (hereinafter refered to as MU) by early
detection and elimination of defects has always been
a priority task for maintenance and repair system of
railway technics [1].

The current situation, in which the rolling stock
is maintained in good technical condition due to
the system of preventive maintenance and repair,
involves a large amount of resources spent to carry
out regulated works, regardless of the actual state of
a device of MU section. In other words, the hidden
nature of nucleation of defects and malfunctions
leads to unplanned repairs and as a consequence — to
additional costs.

The identified problems can be solved with the
help of on board monitoring system of technical
condition, providing real-time evaluation of each
device and compiling of objective information
about possibility of its further operation. The
effectiveness of such a system is ensured by in
its continuous operation, i. e. diagnosing with
the period, which is many times smaller than the
period of development of the fault to the critical
(limiting) state [2], which makes it possible to focus
on the actual technical condition of the rolling
stock instead of resource-intensive planning and
preventative repair system.

Objective. The objective of the authors is to
introduce a method of diagnosing the parameters of
transverter of electromotive rolling stock with the help
of data obtained during the operation of experimental
plant.

Methods. The authors used mathematical
method, analysis and experimental method using
special experimental plant.

Results. One of the tasks for the implementation of
the mentioned system of operation is the development
of methods of troubleshooting of the technical
condition of equipment of MU auxiliary circuits.

Existing techniques for functional troubleshooting
of electrical equipment based on parameters of the
spectrum of an electric current imply that during the
inspection equipment is operating in a steady mode,
and the structure of the electrical circuit does not
change over time [3]. Meanwhile, auxiliary circuits of
modern trains have a complex topology and variable
structure, consisting of a high-voltage part — DC
circuit with 3,3 kV voltage, which provides start, supply
and protection of a rotary converter, as well as supply
of high-powered heating furnaces and a low-voltage
part — three-phase AC circuit with linear voltage of
220 V and frequency of 50 Hz generated by rotary
converters or transverters for electric power supply
of auxiliary equipment, battery charging and supply
of drive circuits.

Studies [4], as well as technical analysis of
spoilage, malfunctions and unplanned repairs
of electric trains [5] show that in the system of
auxiliary DC circuits rotary converter or transverter
(hereinafter — converter) is the most susceptible to
sudden failures.

Converter is a two-machine unit, composed of
a DC electric motor and a synchronous generator
disposed on the same shaft. Electric trains of ED4M
series are equiped wth converter 1.PV.7 since 2011.
Its engine is a double-collector DC machine with
compound excitation. One of drive windings (series)
is connected consistently with the armature winding
and the other (independent) during start is powered
by a battery, and at a steady mode of operation — from
the rectifier unit, powered in turn by three-phase
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Pic. 1. Auxiliary circuit diagram of an DC electric train during operation with a minimum load.
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voltage of the generator. Generator of a converter is
a four-pole synchronous machine with salient poles
located on the shaft. Excitation of the generator is
independent; drive winding is powered similarly to
independent drive winding of the engine.

The ends of three-phase generator stator
winding are permanently connected with rectifier
unit to power drive windings and three-phase
transformer, from which 6-pulse uncontrolled
rectifier is powered, which provides low-voltage
control circuits with rectified current of 110 volts
and the battery charge. Other consumers use
three-phase AC circuit as needed — compressor unit
turns on with a pressure drop in the feed network of
electric train below 6,5 kgf/cm 2 and it turns off when
the pressure reaches 8 kgf/cm 2. Electric motors of
enclosed platforms’ ventilation and air conditioning
system, as well as interior lighting and additional
cabin heating, are turned on by locomotive crew [6].

Working conditions of a converter are
characterized by a significant variation in feed
voltage in the range of 2,7-4 kV, as well as frequent
changes in the load from 5-7 A per phase in the mode
of feeding of own drive windings and control circuits
up to 170 A in the electrodynamic braking mode
when controlled semiconductor rectifier receives
the current from converter’s generator, feeding
thus drive windings of traction motors. Working
conditions of a converter are influenced, moreover,
by fluctuations in temperature and humidity of the
environment, significant alternating dynamic loads
[7] and, importantly, mishandling. The presence of
these factors significantly reduces the resource of a
device and may cause its premature sudden failure
and related material losses.

‘ Transformer converter

||
-
-

Pic. 3. Block diagram of experimental plant.
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To effectively diagnose the converter within the
framework of the parameters of the spectrum of
three-phase alternating current, analysis of three-
phase alternating current should be carried out when
converter operates with a minimum load. It allows to
exclude influence of consumers’ currents on the AC
waveform of a converter’s generator. In this mode, as
already noted, almost all of generated power is spent
on power supply of drive windings and control circuits.
Pic. 1 shows a simplified circuit diagram of auxiliary
circuits of an electric train with minimal load.

Spectrum of phase current of a converter in this
mode (Pic. 2) is quite wide. There are all harmonics
of the basic frequency, the presence of which is
caused by inclusion of a single-wave rectifier in a
three-phase circuit for power supply of converter’s
drive windings. Their level decreases wavily with
increasing frequency similar to function |sin (x) |/x.
The exceptions here are harmonics of the order 6-k+1
(k is a natural number) generated by a three-phase
bridge rectifier, which serves to charge the battery
and supply control circuits.

The physical principle as a principle of spectrum-
currentdiagnosis, is that any disturbance in operation
of electrical and / or mechanical part of the electric
machine leads to changes in magnetic flux in the
gap of the electric machine, and consequently to a
modulation of the current consumed or generated.

Current spectrum analysis is a diagnostic
method in which within the specified time interval
instantaneous values of currents, consumed or
generated by the machine, are recorded, a fast
Fourier transform is produced and the values of the
amplitudes at frequencies of defects’ appearance
are compared with the signal level at current’s basic
frequency.

For early detection of «problem» machines
special attention should be paid to the appearance
of rotational frequency in the current spectrum in
the form of modulation of harmonics of the basic
frequency. Since the converter’s generator is a
four-pole machine, speed of converter shaft is
always equal to half of the basic frequency of current
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and if there is an imbalance of the rotor, sidebands
should appear in the current spectrum at 25 Hz on
the left and right of the rotational frequency and its
harmonics. Thus, when converter shaft rotates at
1500 rev / min and the corresponding frequency
of generated current is 50 Hz, reliable diagnostic
feature of the imbalance is the presence in the
current spectrum of components at frequencies of
25, 75, 125 Hz, etc.

Technique of converters’ troubleshooting, based
on spectrum analysis of three-phase alternating
current, is currently implemented in the form of
experimental plant(Pic. 3), consisting of transformer
converters connected to the analog inputs of the
measurement module based on 8-channel 16-bit
delta-sigma ADC and a laptop within a local network
with specialized software

In order to obtain experimental data signals of
three phase alternating current of converters were
recorded at the commissioning stage, as well as the
signals of the converters, which were in operation

from one to two years, including those, which were
in pre-accident state.

As an example, Pic. 4 shows spectral recording
of the phase current of a converter in working order,
and Pic. 5 does the same for a converter in pre-
accident state. Studying Pic. 5 one can easily see the
pronounced components of a pre-accident converter
with a frequency of 25 Hz and 75 Hz. It is the basic
frequency modulation due to the frequency of rotation
of the converter. The presence of such a component
confirms rotor unbalance [2] of the converter.

Conclusions. 1. The most common cause of
failures of rotary converters is connected to rotor and
bearing defects.

2. Rotational frequency is clearly identified within
the current spectrum of the generator.

3. Itis established that if there is a rotor imbalance
of a converter, then one can observe components at
rotational frequency within the three-phase current
spectrum in the form of modulation of basic frequency
harmonics.

Keywords: electromotive, technical diagnostics, troubleshooting, transverter, imbalance, AC spectrum,

on board monitoring system, experimental plant.
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Kak noka3asmn skcriepyMmeHTasibHbie
uccrieqoBaHus, nepemMeHHbIe
BepTUKasibHble HarpPy3ku, AeicTByioLmue
Ha rMoKpbITUe a3poapomMa, HOCAT
csyqaliHbIi xapakrtep. B cBa3u ¢ atum
AJ151 OLLeHKN Ha[e>KHOCTU NOKPbITUIA
HeobxoauM pacyeTHbIii MeTou,
CBSI3YIOLUMIA XapaKTepPUCTUKN CITy4aiiHOIro
npowuecca Harpy>keHusl C rpoCcTenLLIen
XapaKTepUCTUKOV BbIHOC/IMBOCTU —
kpuBoii Bennepa. lNpeanoxeHHble

B CTaTbe peLUeHNs MNO3BOJISIIOT
onpeaennTb PacyeTHbIN CPOK CITYXKObI
TJTAT MOKPbITUSI 30HbI MPU3EMJIeHUS
caMoJ1eToB C y4eTOM rnapameTpos
rPYHTOBOIO OCHOBAaHUSI U CTENEeHN
BO34eicTBUS ANHAMUKN HarpPy>)KeHus!
nocago4YHol nosiochl. 3To gaer
BO3MOXXHOCTb MPaBnJIbHO OLIEHUTb PECYPC
KOHCTPYKLMU NOKPbITUS B ripoLecce
MPOEeKTUPOBaHUS, a Takke 06ecrne4YnTb
onTuMa’sibHbIe yCJI0BUS ee IKCIilyaraynm
nyrem perysimpoBaHusl B a3poriopTax
rnocafoYHbIX oriepaunii pacYeTHbIX
CaMoJIETOB 1o pabo4ynmM Kypcam.

Knoyesbie cioBa: aspoapom,
SKCMyaTaLNOHHbIE LINK/IbI, CUCTEMA
«[/INTA—TPYHT», B3JIETHO-N0CaA04YHbIE
rosiockl, paboToCrnOCOOHOCTb, XECTKME
OKPbITUS, PacHETHass MOAE/Ib.
|
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HAYKA U TEXHWIK

PaboTOCnOCOOHOCTDb
XK@CTKUX NOKPbITUN 30HbI
npu3emMJieHusa caMmoJiIeToB

Hasapoé Buxmop Baadumuposuu — kanouoam mexmu-
Yeckux HayK, douenm Mockoecko2o eocydapcmeenHozo
YHueepcumema nymeti coobuenus (MUHUT), Mockea,
Poccus.

COOTBETCTBUU C ACHCTBYIOIIUMHU yKa-

3aHUSIMU 110 ITPOEKTUPOBAHUIO a3PO-

JIPOMOB pacyeT MHTEHCUBHOCTH K-
CILTyaTallMy TMOKPBITUI OMpenesseTcs ¢ mo-
MOIIbI0 KO3 ULIMEHTAa MPUBEACHUS, MTPU-
HUMaeMOTrO B 3aBUCHUMOCTU OT OTHOIICHUS
Harpy3Ku Ha KOJIECO j-TO caMoJjieTa K Harpys3-
K€ Ha KOJIeCO pacuyeTHOro.

OnHako Hanbosiee MOTHOM XapaKTePUCTU -
KOM YCJIOBUM MHTEHCUBHOCTU Harpy>KeHUs
SIBJISTIOTCSI 9KCTUTyaTallMOHHbIE IIUKJIbI, KOTO-
pbIe TTO3BOJISIOT OILICHUTD C 3aIaHHOI BEpOSIT-
HOCTBbIO OCHOBHBIC MTapaMeTpbl, OKa3bIBalo-
1€ BMSIHAE Ha IPOYHOCTD U JOJTOBEYHOCTh
KOHCTPYKILIMU TTIOKPBITUI a3poapoMoB. B [1]
MoKa3aHo, YTO MpY MoJeupoBaHu Ha ABM
MTMHAMUYECKOTO BO3ACHCTBUS KOJIEC caMoJie-
TOB B MOMEHT TIpU3EMJICHUST BO3HUKAIOIINI
MEePeXOIHBIN MPOLIeCC BKIIOYAET B ceOsl He-
CKOJIBKO LIMKJIOB neopMaiiuu MOKPHITUSI.
B sTOM ciyyae y4yeT aHeprum ObLIO Mpeasio-
KEHO HaXOAUTh C MOMOIIbIO KOG GULIMEHTA
BIMAHUA K , BETMYMHA KOTOPOTO U3MEHSETCH
B nuamna3oHe ot 1 go 1,12.

[Tpu oLleHKe MHTEHCUBHOCTU TTOBPEXKIE-
HUS TTIOKPBITUST a3POIPOMOB B YCJIOBMSIX IK-
cIulyaTalliyd HEOOXOAMMO YYUTHIBATh TOT
¢akT, 4TO B Ipoliecce MPU3EMICHUS BETUIM -
Ha Harpy3ku OT KOJIEC CaMOJIETOB OIpeaeIsi-
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Puc. 1. PacyeTHas moaenb
(a) n npuusTasa agnarpamma
HanpsHkeHHO-AedopPMUPOBaHHOIoO
COCTOSIHUSI CUCTEMBI «IINTa-
rpyHT» (6).

A

Y

Ymax.

€TCSI He TOJIbKO ITOCaI0uHOI MacCoii, HO U Be-
JIMYMHOM BepTUKAIbHOM Ieperpy3ku. Kpome
TOT0, MHTEHCUBHOCTb HAarPY>KEHMSI TOKPBITHUS
B 3HAYUTEJIbHOM CTENEHU 3aBMCHMa OT IPO-
YHOCTH TPYHTOBOI'O OCHOBaHMUSI, YIIPYTrO-TJia-
CTUYECKME XapaKTePUCTUKHU KOTOPOTO B ITPEI-
JIOXKEHHOW MOJEN CUCTEMBI «IUITUTA-TPYHT»
OLIEHUBAIOTCS NEPEMEHHOM KecTKoCThIo C =1
(y) n mapamerpom netin P (puc. 1).

B nepBoM npuOIMXEHUN YUET MEPHI MMO-
BPEKIaEMOCTH TTOKPBITHS, BHOCUMOM KaxKI0i
MOCAIKOI camMoJjieTa, MOXKET ObITh BBHIITOJIHEH
I10 BBIPAXKEHUIO:

k, =1k =42 (1+2Zy’ T /T), (N
e K, — KoohGUIMEHT BIUSHASA TUHAMUAKA
nporuba MOKPBITHSI a3POJIPOMa;

A — AMHAMUYECKUIi KO3 PUIMeHT, onpe-
JIeISIeMblid B 3aBUCUMOCTH OT IOCAaI0YHOTO
MecTa ¥ Koo bUIMeHTa eperpy3Ku.

Ha puc. 2 npencraBieHbl 3aBUCHMOCTH,
CBSI3aHHBIE C MCITOJIb30BaHUEM KO3 dUIIM-
eHra k,. Buano, uyro Benmunna k, B ciyyae
JIMHEWHOM 3a1auyM OOJIbIlIe, YeM IPU CXeMe
nedopMalMu TOKPBITHU € apameTpoM P =
20 1. [Tpu 3TOM JJ151 OOBIYHBIX TTOCAOK CaMO-
JIeTOB C BEPTHKAIbHOW Meperpyskoii n <2
3HavYeHue KoaduirerTa k, MEeHbIIIE eMHN-
1bl. OMHAKO B OTACJIBHBIX CIIydasx (Hampu-
Mep, MpU «IPyOBIX» MOCaIKax) MOKPbITUE

B3JIETHO-TI0cago4yHoM rmojockl (BITIT) Mmoxker
MOJIy4aTh 3HAYMTETbHBIC TOBPEKACHMS, TTPH -
BOJSIIIIME K MPEXIEBPEMEHHOMY pa3pyllie-
HHUIO.

Ha puc. 3 naetrcsa rpaduk 3aBUCUMOCTHU
k,=f (P,), 13 KOTOpPOTO BUIHO, YTO BEJIUYM-
Ha Koo duumenra k, npu nocaake camosne-
Ta MOXET U3MEHSThCS B IIIMPOKOM Juara-
30He. [Ipu 3TOM B cilydyae mocajaku Ha OIHY
13 OCHOBHBIX oTop 1maccu mokpoeitue BITIT
MOJIyYaeT 3HAaUMTEIbHO OOJIbIIIee TTOBPEXKIE-
HUe, YeM IPU CUMMETPUYHOI ITocaaKe, 4TO
OOBSICHSAETCS pa3JUYHBIMU 3HAYCHUSIMU
MPUBEAEHHBIX MacC IJIUThI U TPYHTOBOTO
ocHoOBaHUs. BMecTte ¢ TeM BetmumHa KO3
bunmenTa k, MoXeT ObITh GOJIbLIE WU
MEHBIIIE eIMHMUIIBI B 3aBUCUMOCTHU OT 3Ha-
YeHUsI BEPTUKAJIbHON Meperpy3Ku Ipu 10-
canke. [Ipruem, Kak rmokasajv pe3yJbTaThl
MCCJIeI0BaHMIA, TOCAIKKM CAMOJIETOB C Ta30-
TypouHHbIMU ABurateasmu (I'T) Beimos-
HSIIOTCsI, KaK MPaBWJIO, HA OJHY M3 OCHOB-
HbIX omop [2]. Ha ocHOBaHMU U310KEHHOTO
JUIST OTIpEIeJICHUSI CPOKa CIIY>KOBI ITUT T10-
KpbITUs 30HbI Mpu3emaeHus BITIT pexomeH-
JIyeTCs BhIpaXkKeHUe:
T,,=N,,/F & v) Zk k N, 2)
rae T, — pacyeTHbIA CPOK CIAYXKOBI MIUT
MNOKPbITUS 30HbI Tpu3eMeHus BITII B ronax;

® MUP TPAHCNOPTA 04°14




K A

Go=751

el | /]
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Puc. 2. 3aBucumMocTb K03 puymneHTa BMsaHus
ANHaAMUKN Harpy>XeHus MNoKpbITUs asapoapoma k.
OT BesIm4YnHbI Neperpy3ku npuv nocagke camosera

C rnosieTHbiM Becom 75, 40 20 1.

Go=40t1

>
i
éy/ Go=207

-
TN/ DA

6 7 ny

PacyeTHas nocagka Ha
ORHY W3 TaBHsIX 0Nop
140 |

140

100

ocaika cavongTa Ha

080 J1BE MasHble 0nopbl

20

020

0 »
n % 2 5 % Pi1
Puc. 3. 3aBucumMocTb k03¢ puymneHTa BmsaHus

ANHaAMUKN Harpy>xeHus MoKpbITUs aspoapoma k.
oT napameTtpa PT npm nocaake pac4eTHOro camosieta.

F (x, y) — TUIOTHOCTB BEPOSITHOCTH pacripe-
TIeJIEHUST TIOCAIOYHBIX YIapOB KOJIEC CAMOJIETOB
T10 JITTUHE Y ITUPUHE 30HbBI TTPU3EMJICHUST;

N, ,,— JIMHEHas MpeIesbHast [uarpamMmma
(obo3HauMM ee yepes uHaeKe /) 1 auarpamma
OnuHra (o6o3HauuM ee yepe3 MHaekc d),
KOTOpasl OTPEIeIISIeTCs] COOTBETCTBEHHO 10

dopmynaM, npuBeAeHHBIM B [3] u [4];

Puc. 4-6. lNMpumep npnsemneHuns camonerta Ty-154
B asponopty jomoaenoso.

n_— rogoBas MHTEHCUBHOCTb SKCILTya-
tauuu nokpbiTus BIIIT npu nocanke pac-
YETHBIX CAaMOJIETOB C JAHHBIM MarHUTHBIM
KypcoM.

B cBs131 ¢ TeM, YTO pacCMOTPEHHBIN CITO-
co0 omnpeneneHus pecypca IJIUT 30HbI MTPU-
3eMJieHus 30HbI BITIT mpeayiaraercs BepBbie
M OTCYTCTBYET LEJbII PSii HEOOXOIUMBIX VC-
XOIHBIX JAHHBIX (HAIIpUMeEp, pa3pyliaromas
IIJIST TIOKPBITUST BEpTUKAJIbHAST TIeperpy3ka —
nyp) , LIeJIecoo0pa3Ho B MPOLIECCE BBIYMCICHUS
KPUBBIX Inarpamm N,  pacyer BeCTH B rapa-
MeTpuyeckori (hopMe IS HECKOJIbKUX 3Haue-
HUI HEM3BECTHBIX BEJIMYNH, KOTOPHIE B 1aJTh-

Ta6muma 1
3HayeHune napamMmeTpoB Aum KPHUBBIX YCTAJTOCTH CHUMMETPHUYHOIO IUKJIA
Bug onarpammel P=10T P=20T1 P=30T
m A m A m A
NuHeinnas (/) 0,585 0,75 0,366 0,65 0,217 0,58
OpuHra (d) 1,167 0,50 0,733 0,48 0,434 0,49
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HelIlIeM MouIexXaT OIpeIeIeHUIO I YTOY-
HEHHUIO.

B Tabnuiie 1 B KauecTBe IIpuMepa pacyeTa
IpeACTaBICHBI ITapaMeTPbl A U M B KPUBbBIX
YCTaJIOCTU CUMMETPUYHOTO LMKIa 1ia P, =
10, 20, 30 ToHH TIpKN ny=3,2 u nyp=7.

Kak BugHO M3 TaOMULBI, IS KaxXI0TO
COCTOSIHMSI TPYHTOBOI'O OCHOBaHMSI IIOKPBITHS
a’poJIpoMa, XapakKTepu3yeMOro rapaMeTpoM
netin P, mokasarenb KpuBOii ycTaaocTu
B ciy4ae auarpaMMbl OpuHra Gosiblie, 4yeMm
IUIst clydast TMHEHHOM, T. €. m >m,. IMonHbie
IYarpaMMbl YCTaJIOCTU IIPU BEPOSITHOCTHU
MOSIBJIEHUsI TpeluuH, paBHoi 50%, mosayya-
I0TCsI B BUJIE:

N=A, (1-k) /k";

N,=A,/ (kk+k?) 0. (3)
3nech k 1 kk — KoaduLMeHTHI cpeaHeii

U TepeMeHHOM Harpy3ku Ha nmokpbitTue BITIT

IIpY TIOCAIKE CaMOJIeTa.

Takum o6pa3oM, peKOMEeHIyeMOe BbIpa-
KeHue (2) Mo3BOJISIET ONIPEACIUTh pACUCTHBI
CPOK CJTIY>KObI ITOKPBITHUSI 30HbI ITPU3EMJICHMS
BIIII ¢ yaueToM C€30HHBIX U3MEHEHUI B IPyH-
TOBOM OCHOBAaHMUM. DTO IAaeT BO3MOXHOCTh
OLIEHUTb PECYPC KOHCTPYKLIMU IIPU IIPOCKTH -
pPOBaHMU, a TAKXKE 00CCIICUUTh ONITUMAJIbHbIC

YCIIOBUS 9KCIUIyaTallMK MOKPBITUS IIyTeM
peryJiMpoBaHust B a3poropTax IOCag0YHbIX
OIepalMii pacueTHBIX CAMOJIETOB 10 pabOYrM
Kypcam.

Ha Haii B3misi, COBpeMEHHBIE BBIYMCIIM -
TeJIbHbIE CPEICTBA CIIOCOOHBI 3HAYUTEIBHO
pacLIMpuUTh 3aJady Py pacueTe adpoapOM-
HBIX TTOKPHITHI1 (y4eCTb U3BMEHEHUS (pU3nye-
CKUX CBOICTB IPYHTOBOI'O OCHOBAHUSI B 3aBU -
CHMOCTH OT KJIMMaTa, CE30HHOCTH, BpEMEHH
CyTOK U 1p.). OMHAKO 3KCIIepUMEHTAIbHBIC
JIaHHbIE TTOKa OTCYTCTBYIOT. Hy>XHbI Hamex-
HbIE apeca a3pOIPOMHBIX CJIYKO [UIsi BOCITOJI-
HEHMUSI OYEBUIHOIO AeUIMTAa TOAOOHOM
UH(POpPMALIUH.
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PERFORMANCE OF RIGID PAVEMENT IN PLANES’ LANDING AREA

Nazarov, Viktor V. — Ph.D. (Tech), associate professor of Moscow State University of Railway Engineering

(MIIT), Moscow, Russia.

ABSTRACT

As it is shown by experimental studies, variable
vertical loads acting on the pavement of the airdrome
are random in nature. In this regard, to assess the
reliability of pavements calculation method is necessary,
bonding characteristics of the random loading process
with the simplest fatigue behavior — Wohler curve. The
article proposes methods providing for determining the
design life of pavementin planes’ landing area within the
parameters of the foundation material and the impact
of the loading dynamics of airdrome pavement. This
makes it possible to properly assess structural life of the
pavement in the design process, and to ensure optimal
conditions of its operation by controlling the amount of
landing operations of calculated aircrafts from different
runway headings.

ENGLISH SUMMARY

Background. /n accordance with applicable
instructions for airdrome design calculation of
operating rate of pavements is determined by
modular ratio, which is taken up depending on the
ratio of wheel load of j-th aircraft to wheel load of a
calculated aircraft.

However, the most complete characteristics of
load intensity are operating cycles (OC), which make

it possible to estimate with a given probability the main
parameters that influence integrity and life duration
of pavements of airdromes. In [1] it is shown that
during simulation on analog computers of the dynamic
effects of aircraft wheels at landing, a transient
process involves several cycles of deformation of the
pavement. In that regard, it was proposed to calculate
energy using coefficient of influence k , whose value
ranges from 1to 1, 12.

Objective.

The objective of the author is to propose a method
enabling to determine the design life of pavement
in planes’ landing area within the parameters of the
foundation material and the impact of the loading
dynamics of airdrome pavement.

Methods. The study is based on the model of
«plate-ground» system with nonlinear dissipative
and elastic properties which reflects real conditions
of deformation of airdrome pavements.

Results. /n assessing the intensity of damage
of airdrome pavements it should be considered that
in the process of landing the load from the aircraft
wheels is determined not only by landing weight,
but also by vertical load factor. Furthermore, load
intensity of a pavement is largely dependent on the
strength of foundation material, whose elastic-plastic
characteristics in the proposed model «plate-ground»

® MUP TPAHCNOPTA 04°14
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Pic. 1. Calculation model (a) and adopted diagram of stress-strain behavior |
of the system «plate-ground>» (b).
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pavement can receive significant damage, leading to
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' \% ?% Pic. 3 provides a graph of dependence k,=f(P ),
/
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20 which shows that the coefficient k, at landing of an
/>// aircraft can vary widely. In the case of a landing on one
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Pic. 2. Dependence of influence coefficient of load
dynamics of airdrome pavement k from overload
degree at landing of an aircraft with flight weight of 75,
40 and 20 tons.
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of the main landing gears
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two main landing gears
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Pic. 3. Dependence of influence coefficient of load
dynamics of airdrome pavement k). from parameter Pt
at landing of a calculated aircraft.

are estimated by variable stiffness C_=f (y) and the
parameter of the loop P_(Pic. 1).

In a first approximation, accounting of
damageability degree of a pavement, introduced
by each landing of the plane, may be made by the
expression:

k, =A%k =212 (1+Zy? T /T), (1)
where k, is an influence coefficient of deflection
dynamics of an airdrome pavement;

A is a dynamic coefficient to be determined
depending on the landing place and overload factor.

Pic. 2 shows dependences associated with the
use of coefficient k,. It can be seen that value of k,
in case of linear task is higher than in case of the
pavement deformation scheme with parameter P_=
20 tons. Thus for normal landings with vertical load
factor n <2 coefficient k, is less than unity. However,  pjc.4-6. Examples of landing of Tupolev-154 aircraft
in some cases (for example, «rough» landings) runway at Moscow Domodedovo airport.
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Values of parameters A and m in curves of symmetric cycle fatigue

Table 1

Type of adiagram |P =10t P =20t P =30t

m A m A m A
Linear (1) 0,585 0,75 0,366 0,65 0,217 0,58
Oding (d) 1,167 0,50 0,733 0,48 0,434 0,49

ofthe main landing gears runaway pavement receives
significantly more damage than at symmetrical
landing, due to different values of given masses of
a mat and foundation material. However coefficient
k, may be higher or less than unity depending on the
values of vertical load factor at the landing. Moreover,
as it is shown by the results of studies, landing of
aircrafts with turbine engines are performed, as a rule,
on one of the main landing gears [2]. Based on the
above, to determine lifetime of mats of pavement in
the landing area of a runaway, the following expression
is recommended:

Ton= N, o/F (X ¥,) ZK kN, (2)
where T, is an estimated lifetime of mats of a
pavement in the landing area of a runaway in years;

F (x, y) is a density of distribution of landing
impacts of aircraft wheels along the length and width
of the landing area;

N, » is a linear limit diagram (denoted by index
1) and dding diagram (denoted by index d), which is
determined by formulas [3] and [4];

n_is annual operation rate of runway pavement
during landing of calculated aircrafts with the
magnetic heading.

Due to the fact that considered method for
determining resource of mats of a runaway landing
area is proposed for the first time and there is a lack
of a number of necessary input data (e. g., vertical
load factorn,_which would have a breaking effect for a

Jp. . . . .
pavement), itis advisable in the calculating of curvesin
the diagrams N, , to conduct calculation in parametric
form for severaf values of the unknown quantities,
which then must be determined or specified.

In Table 1, as an example of the calculation are
introduced parameters A and m in curves of the
symmetric cycle fatigue for P, = 10; 20; 30 tons at
ny=3,2 and n, =7.

As the table shows, for each state of foundation
material of an airdrome pavement, characterized
by parameter of the loop P, index of the fatigue

curve in case of Oding diagram is higher than for
linear one, i. e. m >m, Full fatigue diagrams at
cracking probability of 50% are obtained in the
form:

N=A, (1-k) /km;
N,=A,/ (kk+k?) 05, (3)

Here k and kk are coefficients of average and
variable loads on the runaway pavement while aircraft
landing.

Thus, the recommended expression (2) makes
it possible to determine the expected lifetime of
a pavement in the runaway landing area, taking
into account seasonal variations in the foundation
material. This provides an opportunity to evaluate
structural life in the design, as well as to provide
optimal operating conditions of a pavement by
regulating landing operations of calculated aircrafts
by runway headings.

Conclusion. /In the author’s opinion, modern
computational tools can greatly extend the task
of calculating airdrome pavements (taking into
account changes in physical properties of foundation
material, depending on the climate, season, time of
day, etc.). However, experimental data are not yet
available. Reliable addresses of airdrome services
are required to compensate for apparent scarcity
of such information.

The methods proposed in the article enable to
determine the design life of mats of pavement in the
runaway landing area with account of parameters
characterizing the state of a pavement foundation
material and impact degree of the load dynamics
of airdrome pavements at aircraft landing. This
makes it possible to properly assess structural life
of a pavement in the design process, and to ensure
optimal operating conditions of a pavement in the
runaway landing area by regulating the amount
of landing operations of calculated aircrafts from
different runway headings.

Keywords: airdrome, operational cycles, «mat- ground» system, runways, performance, rigid pavements,

calculation model.
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Anexkceii KYBPAK

Alexey A.KUBRAK

O6ocHoBbIBaeTCs He06X04NMMOCTb
onpengesieHns1 CTerneHu BINSHUs
OopraHn3aLlnoHHO-TeXHN4YeCKNX OTKa30B
(B Buge 3anepixek rnpuv npornycke
noesgos v BO BpeMsi 00paboTku
COCTaBOB) Ha HAAEXXHOCTb PaboTbI
nacCca>XmpCKnx n TexHN4YeCKnNx
naccaXxmpckux ctaHumi. BoisBneHa
noTpebHOCTb B MPOBE[EHNN aHaNN3a
ux gesaTesibHOCTU Ha OCHOBe
npeanaraeMovi asTopoM TabanybI
«3anep>XXKu cocTaBoB BaroHOB

o 371eMeHTaM TeXHOJIOrn4eCcKoro
umkna ¢popmmupoBaHus u obopora
naccaxuvpckux noes3nqos, BO3HUKLUNE
B pe3ysibTaTe 0TKa30B pa3HoOro poaa
B nogcuUcTemMax CTaHUni».

Kno4eBsie c/1oBa: Xes1e3H0A0POXHbIN
TPAHCMOPT, Naccaxupckasi CTaHLms,
TexHn4deckas rnaccaxxvpckas ctaHuus,
aKkcnayaTaunoHHas paboTta, HaaeXHOCTb,
oTKa3, TabsINYHbI aHaIn3.
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HAYKA U TEXHW

JKcnnyaTtaunoHHas
HaAe)XHOCTb
nacCaXmpCcKunx CTaHuum

Kybpax Arexceii Anamoavesuyu — acnupanm kageopul
«Kene3rnodoposcHvle cmanyuu u y3nv» Mockoeckoeo

20cyoapcmeeHHo20 yHueepcumema nymeii coo0useHus
(MUHUT), eedyuuii unocernep OAO «PIIK», Mockesa,

Poccus.

OBEPIIEHCTBOBAHUE MOIBUXHOIO

cocTaBa M TEXHUYECKON 0a3bl — He-

TpeMeHHas 4acTh IMPOOJIeMbl HAIEXK-
HOCTH (PYHKIIMOHUPOBAHUS KeJIe3HOI0POXK -
HOTO TpaHcroprTa. JlocTaToOuHble 00bEMBbI
MPOTYCKHOI 1 TiepepabdaThIBaIoIIeii CIToco0-
HOCTHU, TIPOTIOPIIMOHAIBHOE Pa3BUTHE XKeJe3-
HOIOPOXKHBIX HAIIPABJICHUI, Y3JIOB, CTAHLIUA,
JIeTIO OKAa3bIBAIOT OOJIBIIIOE BIUSIHIE HA Kavye-
CTBO 3KcIuTyaTtaiuu cetu. [1ocKoabKy Ha co-
PTUPOBOYHBIX, YYACTKOBBIX, TPY30BBIX, Tac-
CAXUPCKUX U APYTUX CTAHLMAX POUCXOIAT
MacCOBBIE TEXHOJIOTMYECKHE MPOLIECChl 00pa-
00TKH, pacpopmupoBaHust U GOPMUPOBAHUS
MOe3/10B, OTIepalliy I10 TTOrPy3Ke 1 pa3rpy3Ke
BaroHOB, MJET 3apOXICHUE U ToTralieHue
TPAHCIIOPTHOTO MOTOKA, HaAeXHOCTh CTaH-
IIMOHHBIX CHCTEM OKa3bIBaeT pelnalolnee
BO3IEHCTBHE Ha COCTOSTHUE OTACIbHBIX 3BEHb-
€B, YYaCTKOB, IOJMI'OHOB, UX TOTOBHOCTh
JIEMOHCTPUPOBATH CBOIO ITOJTHYIO pabOTOCTIO-
COOHOCTbH U 0€30MacHOCTh JJISI 3aKa3YMKOB
TPaHCIIOPTHBIX YCIYT.

PaccMoTpuM B CBSI3UM € 3TUM OHY U3 3a1a4
o01Ieit Teopur TPAaHCIOPTHBIX MOTOKOB —
oInpeaeaeHe ONTUMAaIbHOIO MX BapuaHTa
B 271eMeHTe. Eciu MoToK mpeBbIlIaeT CBOM
OINTUMYM, JIEMEHT OYIeT paboTaTh B pesKnMe
Meperpy3ok, ¢ 3aaep>KKaMu, 3aTOpaMu, OTKa-



Taoimupa 1

Conep:kaHue MOHATHS «HANIEKHOCTh» B HAYYHOM JIUTEPATYpE

ABTOpbI

CopepkaHue NoHATUS

M.C. 'pyHTOB «3kCNya-
TaunoHHasi Ha4EeXHOCTb

cTaHumi», 1986. akcnnyatauum» [1].

«3TO CBOMNCTBO CUCTEMbI MU N0OOro NMPOMBILLNIEHHOIO U3AENNS COXPa-
HATb CBOW PYHKLMN 1 XapakTepPUCTUKN PaboTbl B ONpeaeneHHbIX YCIOBUSX

B.A. OcTpeiikoBckuin «Teo-
pusa HagexHocTm», 2003.

«9TO CBOWCTBO 0ObEKTA COXPaHSATL BO BDEMEHM B YCTAHOBJIEHHbIX NpeAenax
3HaYeHus BCeX NapamMeTpoB, XapakTepu3aytoLLMX COCOOHOCTL BbIMOSHATL
Tpebyemble GYHKLMM B 3alaHHbIX PEXUMAX M YCIOBUSX MPUMEHEHUS, TEX-
HMYEeCKOro 06CNyXXNBaHUS, XPAHEHWS 1 TPAHCMNOPTUPOBKM» [2].

WN.A. PabuHuH «Hapex-
HOCTb 1 6€30MacHOCTb
CTPYKTYPHO-COXHbIX
cuctem», 2000.

«9T0 CNOCOBHOCTb CUCTEMbI COXPaHSATL CBOCTBA, HEOOXOAVMbIE /151 Bbi-
NOSIHEHWSA 3a[laHHOrO Ha3HAYeHUs, NPY HOPMasbHbIX (MOBCEAHEBHbIX) YC/10-
BUSIX €€ 3KCMyaTaumm B TedeHne TpeGyemMoro npomexyTka BpemeHmn» [3].

3aMM, 9KOHOMUYECKUMU rioTepsimu. Ho B city-
yae ¢ KeJIE3HOIOPOKHOM CTaHITNEN CUTYaITusT
MOXET BBIITIANETH MTO-APYTOMY: M3-3a HECOo-
BEPIIIEHCTBA CXeMBbI CTAHIIUU, OTCYTCTBUS
HaJIaXKCHHOTO B3aMMOJICCTBUST MEXIY TTPH-
YaCTHBIMU CTYyXk0aMU M TIopa3aeieHusIMU,
a TakXke ¢ y4eTOM HEKOTOPBIX IPYTuX (pakTo-
POB, 3/IeCh MOXET BO3HUKHYTH YCTOMUMBAST
BOCITPOM3BOIMMOCTD OTIPENEeIEHHbBIX CUTya-
LM, HOCSIIIIAX XapaKTep 9KCIUTyaTallMOHHbBIX
0TKa30B. M 1151 ycrpaHeHUS CTOTh HETIPUSIT-
HOTO SIBJICHUSI CTAHOBUTCSI HEOOXOIUMBIM
HCCIIEIOBATh BOITPOCHI, KacaroNInecsT HaleX-
HOCTH BBITIOJTHEHUST CTAHIIUSIMU CBOMX O0sI-
3aHHOCTEH (B paMKaxX OTpacyIeBOl CUCTEMBI)
U 00s13aTeNIbCTB (Mepe KJIMeHTaMu).

O060011IeHHO HAIEXKHOCTh MEPEBO30K Ha-
pSAIY C IPYTMMU TIpU3HAKaMU, XapaKTepu3y-
IOILIMMU YPOBEHb pa0OTHI TpaHCIIOPTA (00111ee
BpeMsl B MyTU, COXPAHHOCTH I'Py30B, CTOM-
MOCTb ITePEBO3KHN), BHICTYIIAET Ba3KHBIM 00b-
€KTHBHBIM KPUTEPHEM KaueCTBa ITEPeBO30YHO-
ro npoiiecca.

ITo mpupoje X BOSHUKHOBEHMS 9KCTLTY-
aTallMOHHBIE OTKA3bI MOXKHO pa3/e/uTh Ha 1Ba
THMA:

— OTKa3bl TEXHUIECKUX CPECTB;

—OpraHu3alMoOHHO-TeXHOJOTUYECKHE
OTKa3bl, He CBSI3aHHBIE HETOCPEICTBEHHO
C M3HOCOM, TTOJIOMKaMM, YXYIIIIEHUeM Tapa-
METPOB PabOThl TEXHUIECKMUX CPEICTB.

BosbimmHCTBO OpraHM3allMOHHO-TEXHO-
JIOTUYECKUX OTKA30B SIBJISTIOTCS TPYTITIOBBIMU
TepeMesKaloNIMMICsT OTKa3aM1 — MHOTOKpAT-
HO BO3HUKAIOIIMMU COOSIMU OJTHOTO 1 TOTO K€
XapakTepa, KOTOpble MepUOANIECKU TTOBTO-
PSTIOTCS B CBSI3W C Pa3HOOOPA3HBIMU TTPUIM-
HaM¥ 3a/IepXKeK TPAaHCIIOPTHOTO MOTOKA.

Takuve TpaHCTIOPTHBIE CUCTEMBI, KaK Tac-
caxkupckasli Wiy TlaccaXXnpceKast TeXHUIecKast
CTaHIIMSI, UMEIOT CHJIbHYIO CTPYKTYPHYIO
1 QYHKIMOHAIBHYIO CBSI3HOCTb M TPYIHO
MOJIAIOTCS pacyeTy. 3a MocJeAHUE HECKOJIb-
KO IECSITUICTUI HAKOTIUJICS OTIBIT IIPUMEHE -
HUS TeX WIM WHBIX METOIOJIOTMYECKUX TIO/I -
XOZIOB M MOJieJiell pacyeTa M ONTUMU3AIUN
TPAHCITOPTHBIX CUCTEM: K TPUMEpPY, eCTh
Tpyasl E. B. ApxaHreabcKoro o6 3TamHOCTH
pa3BUTHS, 3arPy3KM U BKCIUTyaTallMOHHOMN
HaJIe)KHOCTH PabOTHI CTAaHIINIA; NCCIICTOBAHUS
B. M. AnaTuesa no noBomy cnoco60B MOBbI-
MIEHWST HaJIeXKHOCTU 1 3((PEKTUBHOCTHU TPY-
30BbIX cTaHuMii; M. H. lankuHa — 06 ontu-
MU3alMU CTPYKTYPHl U TEXHOJIOTHUYECKOTO
IIMKJIa PabOTHI TTACCAKUPCKUX TEXHUIECKUX
CTaHIIMI Ha OCHOBE METO/IOB TEOPUU TYBCT-
BUTEJLHOCTH.

Hemasioe uncio HaydHBIX TTyOaIuKanni
TTOCBSIIIIEHO BOITPOCAM BBISIBJIEHUS TIEPBOITPH -
YWH BOBHUKHOBEHUS 33]IepXKeK TPAaHCTIOPTHO-
ro TIOTOKa HETIOCPEJICTBEHHO Ha CTAaHIIMU.
BuactHoctu, E. H. Tumyxunau A. H. Koten-
KO CBOU aHaqu3 CTPOSAT HA UCCAECIOBaAHUU
OTKAa30B TEXHWYECKUX CPEICTB U COOTBET-
CTBEHHO TTOKa3bIBAIOT WX paclpeaesieHune
1o TIpUYMHAM M MecTy 3apoxnaeHusi. Ho He
MEHbIIIee BIMSHUE Ha HAeXKHOCTh CTAHITUIA
OKa3bIBaIOT M OPTaHM3aIIMOHHO-TEXHUIECKIE
OTKa3bl.

I[TpoGaemMoii B aTOI 00JlacTU OCTaeTcs
Pa3MBITOCTh TaKOTO TTOHSTHS, KaK «OTKa3»,
1 HeO(PUIIMAIBHBIN CTAaTyC OTKA30B (B CYIII-
HOCTH TOBODSI, OHU SIBJISTIOTCST 3a/iepKKaMU
B 00pabOTKe COCTABOB): JOMYCTUM, MPOCTOM
COCTAaBOB B OXUIAaHWUU OOCIYyXWMBaHUSI
Ha BMM (BaroHoMoe4YHasi MalivHa) WJIu
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Taoamua 2

3azlep)mm COCTAaBOB BATOHOB 110 3JIEMEHTAM TE€XHOJIOI'MYE€CKOro nukKJjia qupanonaﬂml
71 060p0Ta MACCAKHUPCKHUX MOE3/10B, BOSHUKIINE B PE€3yJIibTaTe O0TKA30B PA3HOIo poaa
B MoACUCTEMAX nacca)lmpcxoﬁ M TEXHUYECKOM nacca)lmpcxoﬁ CTaHUUMI

CTaBa

PacnpepneneHve oTka3oB Mo anemMeHTam
TEXHOJIOrN4ecKoro umkna O6pa6OTKVI Co-

MICTOYHMK MOCTYNUBLLMX CBEAEHUI

Jo npubbitns
naccaxmpckoro
noespaa Ha CTaH-
Lo

OTkasbl B nepuop, npu-
ema naccaxmpckoro
noesga Ha cTaHumio

1. XKypran ¢. 1Y-46; 2. lNpoTokon oTka3oB yCTPOWUCTB
CUB; 3. MaTepuan no paccnegoBaHuio Ciy4aeB 0Tkasa
paboTbl ycTpoiicTB CLIB cTaHumn; 4. AHann3 coctosiHUS
6esonacHocTy; 5. Cuctema KACAT; 6. CyTOYHbIV NiaH-
rpacduk, BEAyLLMACS Ha MOCTax LEeHTpanu3aumm CTaHLmu;
7. MNpoTokon coBeLlaHus, matepuansl pa3bopa n3-sa
4ero CTaHuuMs CTosNa Ha Henpreme noesnos; 8. Mpaduk
MCMNOJIHEHHOIO ABWMXEHWSt N0e3808B; 9. Mpaduk ABMKEHNS
noesnos, seaywmrica JHL, yyacTka.

1-1 anemeHT
TEXHONOrM4eckoro
umkna (B napke
npuobITUS)

OTkasbl B nepuop, Ha-
XOXXZIeHNs1 coCTaBa

B NPVEMO-0MNPaBO4YHOM
napke (4o nogayu

Ha NapKoBO-3KMMMNPO-
BOYHbIV MNyTH)

1. XypHan ¢. Y-46; 2. NpoToKos 0TKa30B YCTPOMCTB
CUB; 3. MaTepuan no paccnegoBaHuio CilydaeB 0Tkasa
paboTbl ycTpoiicTe CLB cTtaHumn; 4. AHann3 coCTOSHMSA
6e3onacHocTu; 5. Cuctema KACAT; 6. CyTOYHbI nnaH-
rpaduk, BeoyLmMnca Ha NocTax LeHTpann3aumnm CTaHumm;
7. XypHan &. Y-2; 8. XypHan ¢. BY-14; 9. XypHan ¢.
ny-46.

2-1 9anemeHT
TEXHOJIOrM4eCKOo-
ro umkna (Bpems
HaxoXaeHns

B 9KMMUPOBOYHOM
napke)

OTkasbl B nepuon,
006Cy)XNBaHUS CO-
CTaBOB NacCaXMPCKMX
noesaoB B MyHKTax
dopmupoBaHus n 060-
poTa

1. CyTOuHbIV NnaH-rpaduk, BeOyLMINCS Ha MOCTax LieH-
Tpanusaumu ctaHumn; 2. XypHan ¢. 1Y-46; 3. NpoTokon
oTkasoB ycTponcts CLIB; 4. MaTtepuan no paccnenosa-
HWIO cnyYaeB oTkasda paboTbl ycTporicTs CLLB cTaHumu;
4. AHanna cocTosiHusa 6esonacHocTu; 5. Cuctema KACAT;
6. XypHan ¢. BY-14.

3-11 anemeHT
TEXHONOrMYeCcKoro
umkna (nepecrta-
HOBKa B NapK

1 OTApaBneHne
naccaxmpckoro
noesna)

OTka3sbl B Nepmos, Bbl-
CTaBneHus B MPUeEMO-
OTNPaBOYHbIN Napk

1 oTnpaB/ieHns nac-
Caxunpckoro noesaa
CO CTaHumun

1. XypHan ¢. Y-46; 2. poTOKON OTKA30B YCTPOWCTB
CLLB; 3. MaTtepwman no paccnenoBaHuio Cily4aeB 0Tkasa
paboTbl ycTporicTB CLB cTaHumn; 4. AHann3 coctosHUs
6e3onacHocTu; 5. Cuctema KACAT; 6. CyTo4HbIV NnaH-
rpacduk, BEAyLIMIACS Ha MOCTax LEHTPann3aumm CTaHLmy;
7. Npaduk ncnonHeHHoro asuxeHust; 8. Cuctema KACAT

MaHEBPOBOI PabOTHI TTO0 YMEHBIIIEHUIO/TIO-
MOJTHEHUIO U T. 1. OHM 0003HavatoTCs rpadu-
YECKU MPUYACTHBIM TTEPCOHAIIOM B Tpaduke
WCTIOJTHEHHOTO IBMXKEHUST Ha TTOCTaX IIEHTpa-
JIN3alMU, OMHAKO yYeT B MUCbMEHHOM (hopme
He BegeTcs [4]. DTo 00yCIOBIeHO criendu-
KOM caMoi1 3KCIUTyaTallMOHHOM padoTHI (00-
11ee KOJTMIeCTBO TAKNX COOBITUI TOCTATOUHO
BEJINKO), CBEJCHUS O KaX/IOM SIBJIEHUU CO-
JIepKaTCsl B Pa3HBIX MCTOYHMKAX MH(DOpMa-
¥ (CTAaHIMOHHBIX XypHaJlaX, CIIpaBKax
pa3muuHbIX (DOPM) U HECYT 32 HUX OTBETCT-
BEHHOCTbH pa3HbIe CJTYKObI U TTOIpa3aeIeHUsI.

ITpennaraercst mpoBecTn aHanu3 (haKTo-
POB, BIMSIOIIUX Ha 00pabOTKY, KAYeCTBEHHOE
00CITy>KMBaHUE Y SKUTTMPOBKY COCTABOB TTac-
CaXUPCKUX TTOE3/I0B HA CTAHIIMSIX C TIOMOIIIBIO
Tabnuilel 2. B Hell 0TKa3bl, KOTOpbIe BO3HU-
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KaloT B Mpoliecce 00padbOTKU U MOATOTOBKU
B peiC MaccakMPCKUX COCTaBOB, CTPYIITUPO-
BaHbBI B YETHIPE 2JIEMEHTA TEXHOJIOTUIECKOTO
npotiecca:

1. OTka3sl B MepUo MpUeMa maccaxup-
CKOTO IT0€3/1a Ha CTAHIIUIO.

2. OTKa3bl B IEpUO HAXOKIEHHs] COCTaBa
B IPUEMO-OTIIPABOYHOM Iapke (0 Tonavyu
Ha MMapKOBO-3KUTTUPOBOYHBIIA ITyTh).

3. OTKa3bl B IeprO/1 00CTYKHBAHUS COCTA-
BOB TIACCAXXUPCKUX MOE30B B TTyHKTaX (Hop-
MUPOBaHUS U 000pOTAa.

4. OTKa3bl B IEPUO]] BHICTABICHUS B TIPU-
€MO-OTIIPAaBOYHBIN TTAPK U OTHPABJIEHHS
MaccaKMPCKOTO MOe3/1a CO CTAaHIIN Y.

COOTBETCTBEHHO HMXE MPUBOASTCS
TIPUMEPHI XapaKTEPHBIX CUTYallU i1, KOTOpHIE
MOTYT MPOU3OUTH B Pa3TUUYHBIE MOMEHTHI



TEXHOJIOTUYECKOTO LIMKJIa 00pabOTKM coCTa-
BOB IM0e3710B (00OPOTHBIX U CBOET0 (DOPMU-
pOBaHUS) B TeYEHUE CMEHBI Ha IaccaXup-
CKOM M TEXHUYECKOM MacCaKMpPCKOM CTaH-
LUSIX:

— oTKas3bl B paboTe ycTpoiictB CLIB 1 cBs-
3U, B T. Y. IPYTUX CTAHLIMIA;

— 3aHSTOCTh BCEX ITyTeil MPUEeMO-OTIIpa-
BOYHOTIO ITapKa COCTaBaMHU, BpaXIeOHOCThb
MapIlIpPyTOB OTIPaBICHMS/TIPUOBITHS

— CJIOXKHAas TToe3aHasl 00CTaHOBKA Ha M-
CIIETYEPCKOM YJacTKe, OOYCIIOBIEHHAsI 0CO-
OCHHOCTBIO CXEMBI CTaHIIMU U/WUIU HE00XO0-
IMMOCTBIO MPOITyCcKa OMAa3AbIBAOIINX I10e-
31I0B;

— OTKa3bl B pabOTE YCTPOMCTB 1 000PyI0-
BaHUS BaTOHOB, MTOBJIEKIITIE HEOOXOIUMOCTh
MaHEBPOBOI pabOTHI MO0 UCKIIIOUEHUIO COOT-
BETCTBYIOILIETO BarOHa 13 COCTaBa;

— HEBO3MOKHOCTb ITOJA4YM B SKUITHUPOBOY-
HBII MapK (3aHSTOCTH BCEX IMyTeil SKUITUPO-
BOUYHOTO ITapKa COCTaBaMu);

— OTKa3bl B paboOTe CO CTOPOHBI MAaHEBPO-
BOT0 JJOKOMOTHBA B IIPOIIECCE TIEPECTAaHOBKU
cocTaBa IMoJ pa3IuyHbIe onepaunu (YMEeHb-
IIeHNe,/TIONOJIHEHUE COCTaBOB, OOMBIBKA,
SKUITMPOBKA YIJIEM, 3apsiiKa aKKyMYyJIsITOp-
HBIX OaTapeit, mogaya BATOHOB C BBISIBJICHHBI -
MM neheKTaMUu B MyHKT OCMOTpa) WX U3-3a
OTCYTCTBUSI/3aHATOCTU TOKOMOTHUBOB;

— 3aHSTOCTb BCEX ITyTel SKMITUPOBOYHOTO
mapkKa 1 BBHITSLKEK (DOpMUPOBAHMS,

— 3arpy>KeHHOCTb MaHEBPOBOI'O JJOKOMO-
THUBa, 00YCIOBJICHHAS BBIIIOJIHEHUEM MTPULIS-
IMOK/OTIIETIOK BarOHOB, HEOOXOIMMOCTBIO
MepeMelIeHUs] 0 CTaHIIMK CIelUaInu31upo-
BaHHBIX BATOHOB (BarOHOB-CAJIOHOB, Tabopa-
TOPUIA: MyTeU3MEPUTETLHOM, 1e(PEKTOCKOITUH
UT 1.);

— HECBOEBPEMEHHOCTH MIPOBENCHUS K-
IMMPOBOYHBIX PAOOT MIPUIACTHBIMU CITYKOaMU,
MOBJIeKIIIasl 3a COOOI yBeJIMYEeHUE BPEMEHU
Ha 00paboTKy maccaxkMpCcKOro cocraBa
(Ha TaccaXXUpCKOM TEXHUYECKOM CTaHUUU
WX B BKUITUPOBOYHOM I1apKe);

— OTKa3bl B pabOTe CO CTOPOHBI TTOE3THO-
ro JIOKOMOTHBA, HEBO3MOXXHOCTh CBOEBpE-
MEHHOI MOJAa4u MO/ COCTAB;

— HECOOTBETCTBUS B (GDYHKIIOHUPOBAaHUU
CTL;

— Opak B paboTe IMyHKTa TEXHUYECKOTO
ocMotpa (ITTO);

— CJIOXHas TToe3aHasl 00CTaHOBKA Ha M-
CIIETYEPCKOM YJacTKe, 0O0YCIIOBJICHHAsI OCO-

OCHHOCTBIO CXEMBI CTAaHLIMM U/UJIU HEO0XO-
IUMOCTBIO IPOIYCKa OMa3abIBAIOIINX T0e-
3/10B.

OnpeneneHHas cCTaTUCTUYECKasi BEIOOPKa,
HaJIo ToJ1araTh, MO3BOJIUT BBISIBUTH (DAKTOPHI,
OKa3bIBalolIe HauOOoJIbllIee BIMSHUE Ha Ha-
NEeXHOCTh 3KCIyaTallMUd MacCaXXupCKux
M TEXHUUYECKHUX MacCCaXXUPCKUX CTAHIIMU.
HecomHeHHO, TP 3TOM IMoKa3aTeIb paboThI
MYHKTa TEXHUYECKOTO OCMOTpA, 3aC/Iy>K1Ba-
IOIIMIT 0cO00r0 BHUMaHUsS MpU aHAIU3e, —
00BbEM TEKYIIero OTLENOYHOTO PeMOHTa
naccaxXupckKuX BarOHOB, BBIITOJIHEHHOTO
B Te€UEHHUE CMEHBI Ha CTaHIIUSIX (hopMUpOBa-
HUS 1 000pOTa maccakupckux BaroHoB. OH
MIpsIMO BJIMSIET Ha TpU (haKTopa: 3arpyKeH-
HOCTbh MaHEBPOBOTO JJIOKOMOTHBA, 3aHSITOCTh
MyTeil 3KUIIMPOBOYHOTO MapKa U BHITSKEK
dopMupoBaHusl.

IIpu onucaHuu pacrnpeneaeHUs 4ucia
OTIIEIUISIEMBIX BATOHOB MPU iepechopMUpoBa-
HUHU, a TAKXKe TIPU OTIIETIKE B PEMOHT ILJIaHU -
pPYeTCs UCTIOIb30BaTh TUCKPETHBIE pacIipeie-
nenust — I[lyaccoHa u GMHOMMaIbLHOE, KOTO-
pbie OOJbIIEe COOTBETCTBYIOT (PU3NUYECKOI
CYTH U3y4aeMorTo sIBjIeHus [5].

W HakoHel — mocienHee, YTO BBITEKAeT
M3 TIpEeNCTaBJICHHOTO B CTaThe MaTepuasa.
EnBa nu He miepBooYepeIHON B JaIbHEMIIINX
MCCIIeIOBaHUSIX JOJDKHA CTaTh 3afava ycma-
HOBUMb 3A8UCUMOCTb BEAUHUHB! IKCHAYAMAYU-
OHHOU HAOeNCHOCU NACCANCUPCKOU U MeXHU-
YecKoll Naccanicupckoll CMaHyuil om ux mexmu-
4eCK020 OCHAWEHUS U UCHONb3YeMbIX MeXHOA0-
eull.
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ABSTRACT

The article raises the problem of the need to
define the impact of organizational-technical failures
(in operational work, presented in the form of delays
incurred in handling of trains and during processing of
trains) on the reliability of operations of passenger stations
and coach yards. The author identified the necessity
of analysis of operation of these stations, on the basis
of a table proposed by the author and entitled «Delays
of trains classified into elements of the technological
cycle of formation and turnaround of passenger trains
resulting from failures of various kinds in subsystems of
a passenger station and a coach yard».

ENGLISH SUMMARY

Background. Overview of domestic and foreign
experience shows that the identification of root causes
of traffic flow delays, which occur directly at the station,
is connected to a sufficiently large volume of works.
Improvement of rolling stock and technical base is an
indispensable part of reliability problem of rail transport
functioning. Sufficient volumes of carrying capacity and
processing capacity, proportional development of railway
routes, junctions, stations, depots have a greatimpacton
the quality of the network operation.

Objectives. The task s to establish the dependence
of operational reliability of passenger stations and coach
yards on their technology and equipment.

Metods. The author focused on the study of
passenger stations and research of delays of trains
classified into elements of the technological cycle of
formation and turnaround of passenger trains. Theoretical
base of research comprises principles of queuing theory
and theory of algorithms.

Results. One of the objectives of the general
traffic flow theory is determination of their optimum
option with regard to an element. If the flow exceeds
its optimum, the element will operate in overload
mode, with delays, failures, economic losses. But in
case of railway station the situation may look different:
because of imperfections in the station scheme, lack
of good interaction between involved departments
and divisions, as well as other factors, there may be
a stable reproducibility of certain situations, which
have nature of operational failures. To eliminate such
an unpleasant phenomenon, it becomes necessary
to examine issues related to the reliable performance
of duties (within the branch system) and liabilities
(regarding customers) by stations.

Reliability of transportation along with other features
characterizing the level of transport efficiency (total
travel time, safety of goods, cost of transportation), is
an important objective measure of the quality of the
transportation process.

Operational failures can be divided into two types:

— Failures of technical equipment;

— Organizational and technological failures, not
directly related to wear and tear, failure, deterioration of
working parameters of technical facilities.

Most of the organizational and technological failures
are group intermittent failures — failures of the same
nature which are repeated periodically due to various
causes of traffic flow delays.

Transport systems such as passenger stations or
coach yards, have a strong structural and functional
connectivity and are difficult to calculate. Over the past
few decades experience has been accumulated in
application of various methodological approaches and
models of computation and optimization of transport
systems.

A considerable number of publications are devotedto
identification of root causes of traffic flow delays directly
at the station.

Problem in this area is blurring of term «failure»
and unofficial status of failures (in fact, they are delays
in trains’ handling). They are indicated graphically by
personnel involved in the implementation of traffic
schedule at centralized control posts, but there is no
accounting in writing [4]. This is due to the very specific
nature of operational work (totalnumber of such eventsis
sufficiently large), information about each phenomenon is
contained in different sources of information ( station logs,
certificates of various forms), while different services and
departments are responsible for them.

It is proposed to analyze the factors that affect
handling, quality maintenance and servicing of passenger
trains at stations with the help of Table 2. In this table
failures that occur during handling and preparation of
passenger trains for travel, are grouped as four elements
ofa process:

1. Failures while receiving a passenger train at the
station.

2. Failures while a passenger train is at a receiving-
departure yard (prior to repositioning to a coaling track).

3. Failures while servicing passenger trains at post of
formation and turnaround.

4. Failures while repositioning a passenger train to
a receiving-departure yard and its departure from the
station.

Accordingly, the following examples are typical
situations that may occur at various moments of a
technological cycle of trains’ handling during the shift at
a passenger station and a coach yard:

— Failures in signaling arrangement and
communication system, including other stations;

— Occupancy of all tracks of a receiving-departure
yard by trains, hostility of departure / arrival routes;

Table 1

The concept of «reliability» in scientific literature

Authors Content of the concept

Gruntov, P. S. Operational reliability of
stations 1986.

«This is a property of the system or of any industrial product to retain their functions and performance
under certain operating conditions» [1].

Ostreykovskiy, V. A. Reliability Theory,
2003.

«This is a property of an object to save through time values of all parameters characterizing the ability
to perform the required functions in a given mode and conditions of use, maintenance, storage and
transportation within prescribed limits» [2].

Ryabinin, I. A. Reliability and safety of

«This is the system’s ability to maintain properties required to perform a given task, under normal

structurally complex systems, 2000. (everyday) conditions of its operation within required period of time» [3].
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Table 2

Delays of trains classified into elements of the technological cycle

of formation and turnaround of passenger trains resulting from failures
of various kinds in subsystems of a passenger station and a coach yard

Classification of failures into elements of
technological cycle of train handling

Source of information received

Prior to the arrival of a
passenger train at the
station

Failures while receiving
a passenger train at the
station

1. Log book, form DU-46; 2. Protocol of signaling equipment failures; 3. Material on
investigation of failure in the signaling equipment of a station;

4. Analysis of the security; 5. System KASAT; 6. Daily schedule, which is kept at signal
posts of a station; 7. Minutes of the meeting, materials on analysis the situation when
station was not receiving trains; 8. Train sheet; 9. Schedule of trains, which is kept by
section controller.

1t element of the
technological cycle
(at receiving yard)

Failures while a passenger
train is at a receiving-
departure yard (prior to its
repositioning to a coaling
track)

1. Log book, form DU-46; 2. Protocol of signaling equipment failures; 3. Material on
investigation of failure in the signaling equipment of a station;

4. Analysis of the security; 5. System KASAT; 6. Daily schedule, which is kept at signal
posts of a station; 7. Log book, form DU-2; 8. Log-book, form VU-14; 9. Log book, form
DU-46.

2" element of the
technological cycle
(time spent at coal
handling plant)

Failures while servicing
passenger trains at post of
formation and turnaround

1. Daily schedule, which is kept at signal posts of a station; 2. Log book, form DU-46;
3. Protocol of signaling equipment failures; 4. Material on investigation of failure in the
signaling equipment of a station; 4. Analysis of the security; 5. System KASAT; 6. Log-
book, form VU-14.

39 element of the
technological cycle
(repositioning of a

Failures while repositioning
a passenger train to a
receiving-departure yard

1. Log book, form DU-46; 2. Protocol of signaling equipment failures; 3. Material
on investigation of failure in the signaling equipment of a station; 4. Analysis of the
security; 5. System KASAT; 6. Daily schedule, which is kept at signal posts of a station;

passenger trains to
avyard

and departure of a
passenger train)

and its departure from the
station

7. Train sheet; 8. System KASAT.

— Complicated train situation at subdivision due to
speciality of station scheme and / or the need to handle
trains, which are late;

— Failures in devices and equipment of cars,
entailing the need for shunting operations to exclude a
corresponding car from the train;

— Inability to receive a train at coal handling plant
(occupancy of all tracks of a coal handling plant by
trains);

— Failures in the work of shunting locomotive during
repositioning a train for various operations (exclusion
/ addition of cars into a train, washing, charging
batteries, repositioning of cars with identified defects
to the inspection point) or due to lack / occupancy of
locomotives;

— Occupancy of a shunting locomotive due to
operations on coupling / uncoupling cars, need to
move specialized cars from the station (cars- salons,
laboratories: track-measuring, crack detection
wagons, etc.);

— Timeliness of coal handling works, carried out by
particular services, resulting in a increase of a handling
time of a passenger train (at a coach yard or a coal
handling plant);

— Failures in work of a train locomotive;

— Discrepancies in the functioning of station
technology center;

— Faults in functioning of a check station.

Certain statistical sampling, presumably, will
identify factors, which influence reliability of operation
of passenger stations and coach yards to the greatest
extent.

Conclusions. The study identified the factors
that significantly affect the operational reliability of
passenger stations. It has been shown that despite
the unconditional fulfilment of requirements on
safety of movement of trains and departure of
passenger trains on schedule there are still some
«narrow» places which should be systematized and
studied.

Keywords: rail transport, passenger station, coach yard, field operation, reliability, failure, spreadsheet

analysis.
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ABTOpbI paccMaTpuUBaloT npobriemb
COKpaLLEeHUs1 BDEeMEHMU B NMyTu

Y 3KOHOMMUU 3J1IEeKTPOIHEPrum rnpu
SKcCnayarauuu nogBm>KHOIro cocrasa.
Pa3paboTtaHHass KOHCTPYKLUS
no3BoJsiseT nepemMeLaTtbcs
3J1eKTPOBO3y Ha cOceqHUI NnyTh

n aBuratbcsi B O6paTHOM HarnpaBJieHun
no napa’snesibHoMy rnyTu B MyHKT
popmupoBaHns. ITo IKOHOMUT BPeMs
npe6biBaHNs 3JIEKTPOBO3a Ha Tpacce,
KOJINYECTBO 3JIEKTPOIHEPruu,
HeobxoanMOo A9 ABUXEHUS

A0 cocenHeri cTaHuUn N o6paTHoO,

a Takoxke cBognUT K MUHUMYMY
AJINTEeJIbHOCTb NMNepPeKpbITUs y4acTKka
nyTv anis NnpoBeAeHnsi PEMOHTHO-
npogunakTnyeckmnx pabor, MoCKObKY
nocJse nx 3aBepLIEHUs 3J1IeKTPOBO3
nepemeLwjaeTcss HA COCe4HUN NMNyTb

M y4acTOK CTaHOBUTCS OTKPbITbIM 4151
ABVXEHUS.

Knro4eBbie csioBa: 3/1€KTPOBO3,
0BOPOTHas pama, aBTOMOTpUCa, HOBasi
KOHCTPYKLMSI, MPOYHOCTb, NepemMeLleHne
mexay rnyTamu.
|
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HAYKA U TEXHW

KOHCTPYKLUUSA 3N1eKTPOBO3a
C NOBOPOTHOU paMou

3oaxun Anexcandp Jleonudosuy — kanouoam mex-
HU4eCKux Hayk, doyenm Kaghedpsl «Dnekmpuueckas
msea» Ypanscko2o 20cyoapcmeeHHo20 yHugepcume-
ma nymeii cooowenus (YpI'YIIC), Examepunoype,
Poccus.

Ducropenxo Poman Bumanvesuu — cmyoenm
YpI'VIIC, Examepun6ype, Poccus.

OKpallleHWe BPEMEHM B TTYTU M KO-

HOMMUSI JIEKTPOIHEPTUN — JUIIb

YyacTh 33124, OTPENEIISIIOIINX MHTEPEC
K COBEPIIEHCTBOBAHUIO TTOBOPOTHOI paMbl
3JIEKTPOBO30B. OTHAKO U TOJILKO UX HAJIMYe
HE CHIDKAJI0 Obl aKTYaJIbHOCTB IPeJIaraeMbIX
TEXHUYECKUX PEIIeHU, KOHCTPYKIIMOHHBIX
WHHOBALIMiA, (GDUTYPUPYIOIIMX B XXypHATbHOK
MyOJMKaLMN.

OMUCAHUE KOHCTPYKLUUU

KoHcTpykius anekTpoBo3a (puc. 1) Ha 6a-
3¢ aBToMOTpUCHl IAIIM 1.3 umeeT nvHy 13 M,
IUPUHY — 3,25 M, BBICOTY MO KOHTAKTHBIM
nposoa — 5520 cM. Ha kphllie ycTaHOBIEHO
JiBa TaHTorpacda: OarH HEITOCPEACTBEHHO HaT
KaOWHO, APYTOi — Ha TOBOPOTHBIX MOJI03bSIX
Ha repeMeltarolieiics miarpopme, OpueHTH-
POBaHHBIN MEPHEHANKYISIPHO KOHTAKTHOMY
nposoay [3].

IToBopoTHas pama (puc. 2) pacroJjioxkeHa
MEXIy paMoii Ky30Ba U HaJl paMHBIMU CTPO-
eHussMu. BhITIoTHEeHUE ee TpearoaraeTcs
u3 yriepoaucroit craau. Ha pame pacmnoso-
>KEHBI YETHIPE OTIOPHI C BBIIBIKHBIMU CTEP-
XKHIMU. HdnuHa Kaxaoi 1,5 M, cTepXHU
BBIIBUTAIOTCS ellle Ha 1 M, 4TO TIO3BOJISIET
MOJHSTH 3JIEKTPOBO3 HaJ MOJOTHOM ITyTH



Ha 35—40 cm makcumyMm. BHyTpu pambl pac-
IMOJIOKEHBI KaHaJIbl IJIsT 3JIeKTpoKabeei,
TPyOOIIPOBO TOPMO3HOM MarucTpaiu u Tpy-
0ompoBON /IS MOJAYM BO3AyXa Ha BBIIBMIK-
HBIE OITOPHI.

Ha camoii pame mo 60kaM OT LIeHTpa ycTa-
HOBJIEHBI 3yOIlbl, AJAMHA UX MOJIOTHA | M
C KaXIOi CTOPOHBI paMbl. 3yOIIbl BBIABUTA-
JOTCS U3 paMbl Ha 2 CM M YOUPAIOTCS MOCPEI-
CTBOM ITHEBMaTH4eCKOTo y3a. Bo3myx 3aka-
YUBAETCSI B HEOOIBIION HMJIMHIP, U OH MO/~
HUMaEeT ITOJIOTHO ¢ 3yOLIaMu.

B 1ieHTpe pambl pa3MeliieH KOMIUIEKT Po-
JINKOB, YCTAHOBJIEHHBIX BOKPYT OCH ITIOBOPOTA
pambl, nx Bcero 8. OHM HYXKHBI JIsI JIyYIIIETO
CKOJIbXEHUST paMbl 3JIEKTPOBO3a 1 IMOJApaM-
HOI (MeXaHUYECKOIi) YaCTU — 10 IIOBOPOTHOM
pame. Takoii ke KOMILJIEKT POJTMKOB YyCTAaHOB-
JIEH Ha HUXKHEU TUTOCKOCTU IIOBOPOTHOM paMbl
(o Heit). Ponuku mocaxkeHsI KecTKo, 0e3
JIOTIOJTHUTEJIBHOTO XOAa 10 KaKUM-1100 Ha-
mmpaBiieHUsIM. 2KecTkas mocaaka YBEJIUUUT
YCTOMYUBOCTH IIPU IMTOBOPOTE U CKOJIbXKCHUU
10 TIOBOPOTHOM paMme. Kpome Toro, nmo Bceit
ee IJIMHE PaCIIOI0XKEHBI ITSITh TUTACTUH CKOJIb-
KEHUSI ¢ KaXKIIOW CTOPOHBI 171 00JIee MSTKO-
ro MepeaBUKEeHUs 2JeKTpoBo3a. PasMepsl
mnactuH: 30 cM — mMHa, 15 cM — 1muMpuHa,
5 CM — TOJIILIMHA.

Pama moBopaunBaeTcs IKBOPHEM, ITPOXO-
ISIIIM Yepe3 IEHTP 3JIeKTPoBO3a U IIPUCoe-
JMUHEHHBIM K TIOBOPOTHOI paMe IMOCPeICTBOM
npsiMo3yooro cuerieHus. [Tpu moBopote paMbl
IIKBOPEHb OITyCKAeTCsS Ha Hee, CIEIUISIeTCS
C Hell ¥ TTOBOpaYrBaeT KOHCTPYKIIUIO CTPOTO
Ha 90°. OH ABUTAeTCsI C TTOMOIIIBIO ITPOCTOTO
peoyKTOpa M 3JeKTPOABUTATENISI, COCIMHEH
LENHOM Iepeaayeil ¢ MOBOPOTHLIM MEXaHU3-
MOM TOJIO3bSIMM, Ha KOTOPBIX YCTAaHOBJICH
JIOTIOTHUTENbHBIN TaHTorpad. [Mocie moBopo-
Ta paMbl IIKBOPEHb MOTHUMAETCSI 00paTHO,
YTOOBI HE MPEIMSTCTBOBATH IePEIBUKECHUIO
3JIEKTPOBO3a 1o caMoii pame. [TooTHa 3y0110B
MIPUIIOTHUMAIOTCS Hall PAMOIA, 11 3yObsT BXOIST
B 1ICTIb, PACTIOJIOXKEHHYIO Ha KOPITYCE 3JIEKTPO-
BO3a, HaJ MOBOPOTHOI pamoii. Kaxnas 1emnb
coenuHeHa ¢ aekrpoasuraresem. [locie coe-
JMUHEHUS 3yObeB M LIETU BKJIIOYAIOTCS JBUTA-
TeJIW ¥ HAYMHAIOT MEIJICHHO BpallaTh 1IeTb B
HYXHOM HampapieHuu. [1o nocTukeHun He-
00XOIMMBIX PACCTOSTHUI OHM BBIKJTFOUAIOTCS.

Bxitouaetcs koMImpeccop M HaKauMBaeT
BO3/IyX B 0A/UIOH HAIIOPHOM MarucTpasiu, 3a-
TeM OH IOJaeTCsI Ha BBIABUXKHBIE OIMOPHI

Puc. 1. O6wnii BUR KOHCTPYKLINN.

Puc. 2. MoBopoTHas pama.

Puc. 3. Pabo4ee cocTosiHne J10KOMOTUBA.

Ha KOHIIaX TOBOPOTHOW pambl, OTOPHI OTTy-
ckatotcst BHU3 Ha 90°. B kaxmoit U3 HUX ecTh
BBIIBVMXKHOM CTEPXXEHbDb C TUIOLIAAKOMN, TIpU-
3BaHHOI 00eceYuTh OOJIbIIIEE COTPUKOCHO-
BEeHHeE ¢ 3emieil (puc. 3).

Kak TonbpKo oropa oryctuiiach, BO3ayX
TOCTYIAeT B IUJIMHIP CO CTEP>KHEM U BbIaB-
JINBAET €r0 BHU3 HA HEOOXOIMMOE PACCTOSTHUE
WIN 0 HUXHEW TOukr xona mopurHs. [1pu
9TOM BJIEKTPOBO3 OKaXETCSI HaJl MOJOTHOM
myT# Ha Beicote 10 50—60 cMm.

Ha cnenytoineit ctanyuu BKITIO4aI0TCS TBU-
raTteu, TSHYIIUE 1eTh, U TIePEeIBUTAIOT YKe
caMm 2JIEKTPOBO3 TI0 IOBOPOTHOM paMe 10 HyXK-
HOTO pacCTOSTHUS (COCETHETO TyTH).

J171s1 TOUHOM TOCTAHOBKY 3JIEKTPOBO3a Hal
TOJIOTHOM ITyTH MOKHO MCTIOJTb30BaTh NaTYM -
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Puc. 4. 3niopa HanpsikeHni
Ha MoBOPOTHYIO pamy.

KU, JTMOO TpeOyeTcst 3pUTEJIbHO OIPENeIsTh,
KOT/Ia KoJieca OKaXKyTCsI TOUHO HaJl peJibcaMu,
yTo MeHee addekTuBHO. [ToaTomy nyuiie
MOJIb30BAThCSI TaTYMKAMMU.

OrycKaHue 3JIEKTPOBO3a OCYIIECTBIISIETCS
caeayloluM obpa3oM (puc. 3 — Moe3aHoe
MOJIOXEHUE).

Bo3nyx mocTemeHHO BBIIIyCKaeTcCs
M3 ITObEMHBIX OITOP, U CTEPXKEHb BO3Bpallla-
eTCsl B UCXOMHOE IOJIOXKEeHUEe. DJIEKTPOBO3
IJIABHO OITyCKaeTCsl Ha ITyTh M BCTAeT Ha PeJib-
CHI.

ITocie 3Toro onops! MOJHMUMAIOTCST B KC-
XOJHOE ITOJIOKEHME M CTAaHOBITCSI 0OpaTHO
B IJIOCKOCTh ITOBOPOTHOI paMbl. OIISTh BKITIO-
yaeTcsl 1eTHasI Iepeaayda, i I0BOPOTHAsI pamMa
JIBUXETCSI B CBOE HadyaJbHOE MOJIOXEHUE,
TO €CTh TOYHO Ha CepeIMHY 3JIeKTpoBo3a. [Tpu
JTOCTIDKEHMU LIEHTPa OTKJII0YAI0TCS IBUTATe -
JIY C LIETIbIO, TTOJIOTHA C 3yOLIaMU OITYCKAalOTCs
B ITOBOPOTHYIO pamy. LLIkBopeHb coenuHsIeT-
Cs1 C Heil ke TTOCPEACTBOM 3JICKTPOBUTATEIS,
KOTOPBIii TOBOpauYMBAET paMmy, U OHa BCTaeT
1O/ HaJJpaMHbIe KOHCTPYKIIMU 3JIEKTPOBO3a.
IlIxBOpEeHb MOTHUMAETCS. DIEKTPOBO3 TOTOB
K TIEpEABYKEHUIO 10 COCETHEMY MYTH.

OBJIACTb NPUMEHEHUSA

IIpu BBIE3ME HA MECTO MPOMCIICCTBUS
Ha O6oJibiiux neperoHax (10 km u 6osee) aek-
TpOBO3 OyneT He3aMeHMM. [1o OKOHYaHUM
paboT OH TIepeMeIlaeTCs Ha COCeTHUI MyTh
M JIBUXETCSI B CTOPOHY CBOETO JeIo (Iero
GhopMUpPOBaHUST).

ITpenmyiectna:

— HET HeOOXOAMMOCTH eXaTh 10 OJIvKaii-
el CTaHIIMKU ¥ TIOTOM 00paTHO 1O CBOEMY
MyTH;

— 9KOHOMMTCS JIEKTPOIHEPI U, TaK KaK
3JICKTPOBO3 HE MPEOI0JIeBaeT PacCTOSIHUE

® MUP TPAHCNOPTA 04

von Mises (N/n"2)

1753029920
l 160 694 4160
146 085 824,0

- 131477 2480
1168686640
1022600800
876514950
730429120
584343320
. 438257480

JI0 OJIVKAMIIE CTaHIIMU U He eIeT 00paTHO
N kM, a nepeMeniaeTcss Ha COCEIHUM MyTh
M C 3TOI TOYKM BO3BPAILAETCS HAa CTAHLIMIO
(dopMUpoOBaHUSI;

— B HEKOTOPBIX CJIydasiX MPUHUMAIOTCS
pelIeHYsI 110 BO3BpaTy 3JIEKTPOBO3a I10 ITyTH
B IIPOTUBOIIOJOXHOM HallpaBJIeHUU, IIPU
5TOM ITYyTh OCTACTCSI 3aHATBIM, TT0OKa DJICKTPO-
BO3 HE IIpUEIeT Ha CTaHIUIO (popMUpOBa-
HUS — HOBas KOHCTPYKIMS MO3BOJIAET ITEpe-
MECTUThCS Ha COCEIHUI IYTh U €XaTh I10 HEMY
00paTHO Ha CBOIO CTAHIIMIO, OCTABJISISI IMHUU
CBOOOIHBIMU JJISI TIPOXOJa IMacCaxkKupCKuX
U TPY30BBIX COCTaBOB;

— 33 CYET OTMEUYEHHBIX (PAKTOPOB SKOHOMUT-
Cs1 JIEKTPO3HEPI S, TTOTpeOIIsIeMast 3J1eKTPOBO-
30M, COKpaIlaeTcst BpeMs ero 000poTa OT Havyaia
JIBVDKCHMSI, YCTPaHEHMsI HEUCITIPABHOCTH JI0 BO3-
BpaTa Ha CTAaHLIMIO (POPMUPOBAHMS;

— 0COOEHHO 3JIEKTPOBO3 OYIET MOJIe3¢H
Ha meperoHax oT 15 1o 30 KM, MOCKOJbKY
Ha TaKUX JUTMHHBIX PACCTOSTHUSIX PACXOJT 3JICK-
TPOIHEPTUHU Ha MTOJIHBII 000POT JIOKOMOTHBA
MEXIy CTaHIUSIMU U O0OPOT JTOKOMOTHUBA
OT TOYKM HEUCIIPAaBHOCTH M OOpaTHO OyjaeT
HauOOJIBIINM.

PACYETbl NTOBOPOTHOW PAMbI

Bce onepaiiny BBIMOJHEHBI ¢ TTOMOIIBIO
nporpammbl Solid Works.

OCHOBHBbIE XapaKTePUCTUKHU:

[TnotHOCTH — 7858 KI/KYy0. M.

Macca — 8800 kr.

O06beM — 3,96 Ky0. M.

IMnomans moBepxHocTu — 114,54 KB. M.

PACHETbI 3AMACA MPO4YHOCTHU

1. Ynpowennas cxema

Pamy npencrapisieM Kak MpOCTPaHCTBEH-
HYIO CUCTEMY, COCTOSIIIYIO U3 CTepXKHEH, ocu
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Puc. 6. PacyeTHas ynpouwjeHHas cxema pambi: XK — paccTosiHue ot LukBopHeBowi 6asku Ao nogeecku; xP1, xP2 —
paccTosiHUS OT LLUKBOPHEBOVi 6as1ku A0 ornop pambi; xIT1, xIM2 — paccTosiHWs OT LUKBOPHEBOW 6asikv 0 NaacTuH
CKONb)XXeHUST; X[] — paccTosiHUe OT LUKBOPHEBOW 6aJ1kv A0 OCY LIeHTPasIbHbIX NIaCTUH ckonbxeHus; PK — Bec ky3oBa.

KOTOPBIX TIPOXOIST Uepe3 LEeHTPHI TSKECTH
mioianei [1,5] (puc. 6).

Pama — mpocTpaHCcTBeHHasl, CTATUYECKU
HeomnpeaeauMasi CUCTeMa C IByMSI 3aMKHYThI -
MM KOHTypaMu. Pacuer 31ech cBsi3aH ¢ mpu-
BeIEHUEM TaKUX CUCTEM B CTATUYECKU OIpe-
eJIUMble MYTEM pa3pe3aHus «JIUIIHUX»
cTepxxHel. B MecTax pa3pe3oB 10KHbBI ObITh
MIPWIOKEHBI HEM3BECTHBIC TPH YCUIINAS U TPU
MOMeHTa [2].

Pamy paccmaTpuBaeM KakK CTaTUYECKU
OIpeNeUMYIO CUCTEMY, €CTU TIpeHedperaeM
BJIMSIHUEM KOHIIEBBIX OasloK. [TockombKy Te-
nepb KOHTYPbl PA30OMKHYTHI, TO pacyeT MOXKHO
BECTH TSI YeTBepTU paMbl. OTOPOIIIEHHYIO ee
YacTbh 3aMEHSEM 3aJIeJIKOM, U UMEHHO B HEW
OyneT neiicTBOBAaTh HAMOOJIbIINI U3r1OatOILMI
MOMEHT, TO €CTb B MECTe MPUMbIKaHUSI OOKO-
BUHHI K IIKBOPHEBOIl OajKke. DTO CeUeHUE
u Oynet onacHbIM. Ero mogsepraem npoBepke
Ha MPOYHOCTb C YYETOM MCXOIHbBIX JaHHbBIX.

Hnuna pamsbl 3amana 2/=13 m. llupuna
pambI 3amaHa 2b=3,25 m. baza 2a=7 m.

PaccrosiHue oT ocu IIKBOPHEBOW Oaiku
paMbl 1O OCU MOJBECKU TSITOBOTO JBUTATENs
HaXOINM KaK
~2a-2-12 7-24 1

2 2 )

PaccrosiHue [0 MIapHUPOB PECCOPHBIX

IMOJBECOK:

2a-14 7-14
2 2

X, 2,3m

2,8 M )

pl

2a+1,4 7+14
=2 - LA 3
5 2 3)

PaccrosiHue 10 ocu IapHUPOB [OBOIKOB
OyKc:

2a-0,95 7-0,95

42 m

p2

=3,025 m.

. )
2a+0,95 3,0+0,95
===t )

PaccrosiHue oT pacueTHOM MJIOCKOCTHU
pambl 10 TOAPAMHO KOHCTPYKIIMU:

zIT1 = 0,4 m; z[12 = 0,4 m.

PaccTognue mo meHTpa chepuueckoro
1apHUpa IKBOPHSI:

zIII = 0,4 m.

2. Becosas naepyska

Bec pambr:
P = mg =31113,17-9,81=305220,198 H =
305,220 kH (6)

Bec HangpamMHOI yacTu, AeMCTBYIOLIMNT
Ha pamy:
Pl = mlg = 18000-9,81 = 176580 H =
176,58 xH. 7)

Benanuuny peakuuii onpenenasem B KH
W3 yCJIOBUS:
P -P

4

R =32,16 kH.

(q — UHTEHCUBHOCTb PABHOMEPHO pacrpe-
JIeJIEHHOW Harpy3ku OT Beca OOKOBMHBI
U IIKBOPHEBOI OaJiKu paMbl OMpeaessieTcs
MO0 BbIpaXKeHUIO:

nl

=3,975m.

xn2

R:

» KH, (®)
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q=22+120->F =
=2,2+120-0,0516670 =
=8,4 kH/m. 9)
3. Hanpsocenue 6 onacnom ceuenuu
0m 6eco8oll Hazpy3Ku
PacueTHast cxema MPpUBOIUTCS K TUIOCKOMY
U3TU0y OaNKM, KECTKO 3aJedaHHONi OJHUM
koHuoMm Xk = 0,874 M.
M, =R-(X, +X,,)-0,5-1’-q-
-0,2:q-b-1-0,25-P, - X, =
=32,16-(2,8+2,4) — 0,5-3,5*-8,4—
-0,2-8,4-1,167-3,5-0,25-176,8-0,874 =
=65,59 kH/Mm.

PACYETHbIA U3TMBAIOLLIUIA
MOMEHT

HanpstxeHust oT BeCOBOI Harpy3ku 00Ko-
BUHBI paMbl:

M, 123,48
"W, 0,021

yl

-0,001=-58,8 Mlla,

(11)
mockosibky 1 H/mm2 = 1 MI1a.
BennurHa MOMEHTOB B HEKOTODPBIX TOUKAX
pPacuyeTHOI CXeMBbl:

M, =0;
M,=M,;=-0,2-q-b-(1-X,) -
—O,S-q-(l—sz)2 =-0,34003;

M, =M, =R-(X,-X,)-
—0,2-q~b-(l—Xpl)—O,S-q-(l—Xpl)2 =
=11,0208;

M, =M, =-0,2-q-b-(1-X,)+

+R- (X, =X )+ R (X, =X, )=18,54;
M, =M, =6559

(12)

HAUBOJIEE HEBJIATOMPUATHbIE
COYETAHUNYA HATPY30K

Bo3bmeM oHOBpeMeHHOE IeHCTBUE pa3-
JIMYHBIX HATPY30K B X BO3MOXXHOM COYETAHUN
W TIPOM3BENIEM AJITeOpandecKoe CYMMUPOBaHE
HaIpsDKeHU JUTsT 6-11 Touku cevueHust. [1o Be-
JIMYUHE MAKCUMAaJIbHOIO PE3yJIbTUPYIOLIETO
HAaIPSIKEHUS OTIPEAEIISIETCS 3aI1ac MPOYHOCTH
U JeJIAeTC 3aKJII0OYEHUE O IIPUTOIHOCTU paMbl
TeJIeXXKU K dKCIUTyatanuu. Pama cuurtaercs
MPUTOAHOM, eciu KoahdULIMEHT 3araca mpo-
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YHOCTH He MeHee uyeM 1,28 u He 6oniee 2. [Tpu-
MEHMTEJIbHO K TEKy4eCTU MeTajljia:
1,28<nm<2;

o =131,47 MIla;

o 700
— __max _ = 5’32’ 13
M = e T 131,47 (13)

max

rme o max = 700 MIla — mpenmen TeKydecTn
cramm 1,4028 (X30Crl13).

Pama nmeeT 3aBBIIIEHHBIN 3aImac IPOYHO-
cti (5,32 BMeCcTO HEOOXOMUMBIX 2), YBETMICH-
HBI BeC. YMEHbBIIEHNE ITapaMeTPOB CEYEHUS
OOKOBMHBI MOXET MPUBECTU K OOJIETUCHUIO
paMBl 1 TIOTEpE 3aIaca YCTaJIOCTHOM ITPOYHO-
ctu. B Takoi cuTyalMu mogouaeT MeTall
C MUHUMAJIbHOM TeKy4ecTbio oT 162,5 1o 450.
DTO 00eCcTIeunT HEOOXOAMMBIE TIPEAEITbI KO-
¢uLMeHTa TPOYHOCTH M YMEHBIIIUT CTOMMOCTD
M BEC BCE KOHCTPYKIINU.

BbiBOA4bl

1. AHanu3 pe3yabTaToB pacuyeTa oKas3biBa-
€T, UTO TIPU 3aJaHHBIX HAarpy3Kax SKBUBAJICH-
THBIC HATIPSDKEHMYSI, BO3HUKAIOIIIHNE B DJIEMEH-
TaX KOHCTPYKIMK PaMbl, HE MPEBOCXOOAT
mpenaesia TeKy4ecTH MPUMEHSIEMbIX MaTepua-
JIOB, TO €CTb HEOOXOAMMas IIPOYHOCTH O0ECTIe-
YHBaeTCs.

2. MakcuMabHbIe TPOTMObI KOHCTPYKILIMN
paMBbl, BOSHUKAIOIINE OT BHEIITHUX HArpPy30K,
He IIPEeBOCXOIST JOYCTUMBIN Ipeaes — HeoO0-
XOIMMasi KeCTKOCTb KapKaca 00eCIieYnBaeTCsl.

3. ¥YpoBeHb HANPSKEHUI B 3HAUUTEJILHO
YacTU KOHCTPYKIIMH paMbl BeChbMa HU30K. DTO
03HayaeT, YTO OHA COXPaHSET ONpeacIeHHbIC
pe3epBBbl MPOYHOCTHA U UMEET MPEAITOCHLIKI
K YMEHBIICHUIO METaJUTOEMKOCTH.
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ABSTRACT

The authors consider problems of reducing
travel time and energy saving in the operation
of rolling stock. The developed design makes it
possible for an electric locomotive to move to an
adjacent track and to move in the opposite direction
on a parallel track to the point of formation. This
saves time of locomotive stay on the track, the
amount of electricity needed to go to a nearby
station and back, and also minimizes the duration
of overlapping of the section of the track for
maintenance work, because after the completion of
works an electric locomotive moves to the adjacent
track and the section becomes open for traffic.

ENGLISH SUMMARY

Background. /n this paper the authors consider
the problem of reducing travel time and energy
saving. Currently some electric locomotives are
used to repair catenary; after delivery of workers,
equipment and troubleshooting process they are sent
either to a nearby station and then return, or move
on the wrong track to a formation station, thereby
occupying a track and delaying trains. Because of this
schedule shifts, and there are delays in passenger
trains, and increased travel time for freight trains.
Due to the developed design delays will be minimized,
because the track will be released immediately after
completion of works.

Reduction in travel time and energy savings are,
of course, only parts of the tasks of defining interest
in improving rotating frame of electromotives.
However, only their presence would not reduce
the relevance of the proposed technical solutions,
structural innovation, appearing in the current journal
publication.

Objective. The objective of the authors is
development of an electromotive design with rotating
frame, making it possible for an electromotive to move
to an adjacent track and to move in the opposite
direction on the right track to the point of formation.

To achieve this goal, the following tasks are set
and solved in the work:

1) patentand literature search, the development
ofa new design of an electric locomotive with rotating
frame;

2) durability calculation of electromotive rotating
frame model in the program Solid Works;

Pic. 1. General view of a design.

3) loading evaluation of a rotary element of a
frame by considering it as a spatial system consisting
of rods, the axes of which pass through the centers
of gravity of areas;

4) evaluation of the safety margin in the dangerous
section of the frame under the most unfavorable
combinations of loads.

Methods. To solve the set tasks, the authors used
the method of mathematical modeling of mechanical
systems. Geometric model of a rotating frame
design was simulated in the package Solid Works.
For the calculations the authors used a package of
SolidWorks Simulation.

Results.

Description of a design

Electromotive design (Pic. 1) was developed on
the basis of a railcar 1ADM 1.3, ithas a length of 13 m,
width — 3,25 m, height under the contact wire — 5520
cm. On a rooftop two pantographs are mounted: one
directly above the cab, the other — on rotary skids on
a moving platform, oriented perpendicularly to the
contact wire [3].

Rotating frame (Pic. 2) is located between body
frame and above framed constructions. Itis proposed
to make it of carbon steel. On the frame there are
four pillars with sliding rods. The length of each is
1,5 m, rods slide by 1 m, which allows lifting up an
electromotive above the track bed to 35-40 cm
maximum. Inside the frame there are channels for
electrical cables, pipeline of a braking main line and
pipeline for air delivery on sliding bearing supports.

On the frame along the sides of the center tooth
group is installed, the length of their bed is 1 m from
each side ofthe frame. Teeth move out of the frame for
2 cm and are moved away by a pneumatic assembly.
Air is pumped into a small cylinder, and it lifts up the
bed with a tooth group.

In the center of the frame there is a set of rollers
mounted around a rotative axis of the frame, there are
only 8 of them. They are required for better sliding of
electromotive frame and underframe (mechanical)
part on the rotating frame. The same set of rollers
is mounted on the underside of the rotating frame
(underneath). Rollers are mounted fixedly, without
further movement on some directions. Fixed mounting
increases stability when turning and sliding on the
rotating frame. Moreover, along its entire length, there
are five sliding plates at each side for softer movement

Pic. 2. Rotating frame.
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von Mises (Nim"2)
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Pic. 4. Stress diagram on the rotating frame.

of an electromotive along the frame. Sizes of plates:
30 cm - length, 15 — cm width, 5 cm — thickness.

The frame is turned by a center pin, passing
through the center of the electromotive and
attached to the rotating frame by spur gearing.
When the frame rotates, a center pin falls on it;
it gears to it and turns the entire structure strictly
through 90 °. The center pin moves with the help of a
simple gearbox and electromotor, itis connected by
chain gear to the rotary mechanism by skids, which
have an additional pantograph. After turning of the
frame, the center pin moves up back in order not to
impede the movement of the electromotive on the
frame. Beds of the teeth, rising above the frame,
enter the chains on the electromotive body, the
motors turn on and begin to slowly rotate the chains
in the right direction. Upon reaching the required
distances they turn off.

Then the compressor turns on and pumps air into
the cylinder of a pressure line, and then it is delivered
on the sliding bearing supports on the ends of the
rotating frame, the bearing supports move down
by 90 “. In each of them there is a sliding rod with a
platform designed to provide greater contact with the
ground (Pic. 3).

Once the bearing support has moved down, the air
enters the cylinder with the rod and pushes it down to
the necessary distance, or to the bottom of the piston
distance. In this case the electromotive will be above
the track bed at a height of up to 50-60 cm

® MUP TPAHCNOPTA 04°14

In the next step the motor turns on, thus pulling the
chain, and moves the electromotive on the rotating
frame to the desired distance (adjacent track).

For a precise mounting of the electromotive above
the track bed, sensors can be used, or itis necessary
to determine visually when the wheels are just above
the rails, but it is less efficient. Therefore it is better
to use sensors.

Moving down of the electromotive is carried out
as follows (Pic. 3 — service position).

The air is discharged gradually out of the lifting
bearing supports, and the rod returns to its original
position. The electromotive moves down smoothly on
the track and stands up on the rails.

After that bearing supports are raised to their
original position and get back into the plane of the
rotating frame. Chain gear turns on again and the
rotating frame moves to its initial position that is
exactly in the middle of the electromotive. Upon
reaching the center motors with the chain turn
off, beds with the tooth group move down in the
rotating frame. The center pin connects to it by
the electric motor, which turns the frame, and it
stands up under the underframe constructions
of the electromotive. The center pin rises. The
electromotive is ready for movement on a nearby
track.

Application field

When checking out the scene at large hauls (10
km or more) the electromotive will be irreplaceable.



Upon completion of work, it moves to the adjacent
track and then moves toward its depot (depot of
formation).

Advantages:

— There is no need to go to the nearest station
and then back on its track;

— Energyis saved as the electromotive does not
overcome the distance to the nearest station and
does not go back N km, and moves to the adjacent
track and from this point returns to the station of
formation;

— Insome cases, decisions are made to return an
electromotive on the track in the opposite direction,
in this case the track remains occupied until the
electromotive arrives at the station of formation — the
new design allows moving to the adjacent track and
moving on it back to the station, leaving lines for free
passage of passenger and freight trains;

— Thanks to the mentioned factors energy is
saved, the time of its turnaround from the starting
point is reduced, troubleshooting becomes possible
without returning to the station of formation;

— The electromotive will be especially useful at
hauls from 15 to 30 km, since at such long distances
power consumption for a complete turnaround of
the locomotive between stations and turnaround of
the locomotive from fault point and back will be the
greatest.

Calculations of the rotating frame

All operations were carried out using Solid Works.

Key features:

Density — 7858 kg / cu. m.

Weight — 8800 kg.

Volume - 3.96 cu. m.

Surface area — 114,54 sq.m.

Calculation of the safety margin

1. Simplified scheme

The frame is presented as a spatial system
consisting of rods whose axes pass through the
centers of gravity of areas [1,5] (Pic. 6).

The frame is a spatial statically indeterminate
system with two closed contours. The calculation is
associated with bringing such systems to statically
determinable systems by cutting «unnecessary»
rods. In cut places three unknown forces and three
moments must be applied [2].

The frame is considered as a statically determinate
system, if we neglect the influence of the end beams.
Since the contours are open, the calculation can be
carried out for a quarter of the frame. The dropped
part is replaced by the rigid support, and maximum
bending moment will act in it, that is in joint place of
side to center pin bolster. This cross section will be
dangerous. It is thoroughly tested for strength with
account of feed data.

Frame length is setas 2I=13 m. Frame width is set
as 2b=3,25 m. The base is 2a=7 m.

Distance from the axis of the frame center pin
bolster to the suspension axis of the traction motor
is found as

2a-212 7-24

=23 m.
Xn 5 ) m (1)
Distance to hinges of spring riggings:
xpl:2051,4zﬂzz’g m; (2)
x,,2=2a;1’4:7+21’4=4,2 m (3)

Distance to the hinge axis of locking dogs of
axle-bearing:

2a-0,95 7-0,95

X, 5 =3,025 m. 4)
xﬂ:2a+0,95=3,0+0,95=3’975m. (5)
2 2
Distance from calculated plane of the frame to the
underframe structure:
zl[M1=0,4m;
zl12=0,4m.

Distance to the center of the spherical hinge of
the center pin:

zll = 0,4 m.

2. Weight load

Frame weight:
P =mg =31113,17-9,81=305220,198 N = 305,220
kN (6)

Weight of overframe part, acting on the frame:
P1=m1g = 18000-9,81 = 176580 N = 176,58 kN. (7)

The magnitude of the reaction is determined in
kN from the condition:
P - P, (8)

R=32,16 kN
q is an intensity of uniformly distributed load from

weight of side and center pin bolster is determined by
the expression:

q=22+120-)'F =
=2,2+120-0,0516670 = 8,4 kN/m.

R

®

3. Stress in the dangerous section from weight
load

Computational scheme is reduced to the simple
bending of a bolster, fully-fixed by one end Xk =
0,874 m.

M, =R-(X, +X,,)- 0,5-1>-q—
-0,2-q-b-1-0,25-P,- X, =
=32,16-(2,8+2,4) -0,5-3,52.8,4—
-0,2-8,4-1,167-3,5-0,25-176,8-0,874 =

10
=65,59 kN/m. (10)

Computed bending moment
Voltage from the weight load from side of the

frame:
M
i=——= 123,48 -0,001=-58,8 MPa,
W, 0,021 (11)

since 1 H/mm2 =1 MPa.
Value of the moments in some points of the
computational scheme:

M, =0;

M, =M, =-0,2-q-b-(1-X,) -
-0,5-q-(1-X,)* =-0,34003kNM;

M, =M, =R-(X,-X,)-0.2-q-b-(1-X,)—-
-0,5-q-(1-X,,)* =11,0208 kNm;

My =M, =-0,2-q-b-(1-X )+

+R-(X,, =X, )+R- (X, =X, ) = 18,54kNm;
M =M, =65,59kNm.

(12)
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Pic. 6. Simplified computational scheme of the frame: xK — distance from center pin bolster to suspension; xP1,
xP2 — distance from center pin bolster to bearing supports of the frame; xI11, xIN2 — distances from center pin
bolster to sliding plates; x] — distance from center pin bolster to axis of the central sliding plates; PK — weight of

the body.

The most unfavorable load combinations

We take the simultaneous action of various
loads in their possible combination and produce
algebraic summation of voltages for the 6™ point
of the section. Safety margin is determined by
the maximum magnitude and it is concluded that
the bogie frame is suitable for use. The frame
is considered to be suitable if a margin safety
coefficient is not less than 1,28 and not more than
2. As for the metal flow:

1,28<nm<2;
o =131,47 MPa;
700
n, = w53, (13)

o 13147

where o max =700 MPa and steel flow pointis 1,4028
(for steel of quality X30Cr13).

The frame has overrated margin safety
(5,32 instead of required 2), increased weight.

Keywords: electromotive, rotating frame, railcar,
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MpuHa KAPAMETSIHL,
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AnHaMWyHbIA 1 NJ1IaHOMePHbI
BKOHOMUNYECKUIN N HayYHO-TEXHNYE CKUN
pocT HapogHoro xo3aucTea Kutas

B Hayase XXI Beka BO MHOrom
npegonpeaennn MacLUTabHbie
VHBECTULNU B Pa3BUTHNE TPAHCITIOPTHOMN
UHQPACTPYKTYpbI U Npexae Bcero

B CTPOUTEJIbCTBO BbICOKOCKOPOCTHbIX
JKesie3HoA0pPOXXHbIX MarucTpaneri (BCM).
Bce BbiLLI€ CTaHOBUTCS MOOUJIbHOCTb
HaceJsieHusl, COKpaLyaeTcsl BpemMsi
Haxo)XaeHUs rpy30B 1N NacCcaXxvpos

B MyTU, PEeKOPAHbIMU SABJISIIOTCS CKOPOCTU
nepemeLyeHusi, 4OCTYMHOCTb NpuoopeTaloT
HeKorja oTopBaHHbIe OT LieHTpa paiioHbl
CTpaHbl. ABTOPbI aHaIN3UPYIOT U 06006LLaloT
cerogHsiLLHue TeHAEeHUUV TPaHCNOPTHOro
PbIHKA, OLIeHUBAIOT CJIOXUBLLNECS
KOHKYPEHTHbIe npeumyLyecrtsa BCM,
¢uHaHcoBble NpobsieMbl [4eiCTBYIOLLNX
nporpamMm v TotT pegpopmMaTopCcKkuii Kypc,
KkoTopbiii pykosoactTeo KHP ocywectensier
A1 MO e PHU3ALIUU KEJTIe3HO[4O0POXXHOIro
Komriekca.

KrroyeBble c/ioBa: Xe1e3HOA0POXHbIV
TpaHcnopt, Kutan, pecpopma,
BbICOKOCKOPOCTHbIe noe3aa, BCM,
MHBECTULMUN, SKOHOMUKA, KOHKYPEHLIUSI.
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NMpuopuTeTbl KUTAUCKUX
CKOpocCTeu

Kapanemsany Hpuna Baaoumupoena — doxmop ucmo-
PUHECKUX HAYK, npogheccop, Oupekmop UuHCmumyma
MeNCOYHApOOHbIX MPAHCHOPMHbIX KOMMYHUKAYUL,
NPOpeKmop no mMelcoyHapoOHbIM 00pazoeamens-

Holm npoepammam Mockosckoeo eocyoapcmeenHozo
yHugepcumema nymei coobuwernus (MUHUT), Mocksa,
Poccus.

Casonoe Cepeeii Jleonudosun — xandudam 3K0HOMU-
uecKUx Hayk, 6e0yuuil HayuHoli compyonux Mucmu-
myma Jlaavheeo Bocmoka @edepanvroeco acenmemea
nayunvix opeanuzayuii (PAHO), Mockea, Poccus.

WTaliCKOe PYKOBOJICTBO paccMaTprBa-

€T XeJe3HOMOPOXHBIM KOMILJIEKC

B KayecTBe KJII0YEBOI Ku3Heobece-
YUBAOIIIEH CUCTeMbl 5KOHOMUKU. JIMHAMUY-
HbIl X03sicTBeHHbIN pocT KHP B Haua-
sie XXI Beka B 3HAUUTEJbHOM Mepe ObLI Mo -
TOTOBJIEH MacCIITaOHBIMU MHBECTULIUSIMU
B Pa3BUTHE XeJIe3HOTOPOKHON MHGbPACTPyK-
TYpbI, YTO CITIOCOOCTBOBAJIO YKPEILJICHUIO
LIEJIOCTHOCTU CTPaHBbI, €€ MeXIyHapOIHOIO
BIUstHYSI. HOBBIE CKOPOCTHBIE TTYTH «CKUMa-
10T» OOIIMPHOE MPOCTPaHCTBO Kurast, mpes-
parasi JOpOXHYIO CeTh B HaJIeXKHY10, 3 heK-
TUBHYIO M TOCTYITHYIO [UIsl HaceaeHus. CTpo-
WUTEJBbCTBO KEJIE3HOMOPOXHOIO KOMILIEKCa
MPEBPATUIIOCh B HOBYIO CTPATerMYeCKy0 OT-
paciib MPOMBIIIJIEHHOCTH, YTO CTUMYJIUPYET
POCT B CMEXHBIX BHICOKOTEXHOJOTUUHBIX
00J1aCTSIX 9KOHOMUKH.

BCE OOCTYNHEE U BbICTPEE

B nepuon 2000—2013 roaoB ObLIO ITOCTPO-
eHo 0oJiee 17 ThIC. KM HOBBIX >K€JI€3HBIX JI0POT,
u B Havaste 2014 roga ux MpoTSKEHHOCTD Mpe-
eicriia 100 Teic. kKM, Brintodyas 10463 kM cKo-
pocTHEIX. B cTpaHe cchopMupoBajcst Kapkac
JKeJIe3HOIOPOXKHOM CETH M3 IIeCTH MEPUINO-
HaJIbHBIX W IISITW ITAPOTHBIX MarvCTpajeid.



Taoumna 1

Bpems noe3nku Ha BCM ot Ilekuna no kpynHeiimux ropomos Kuras

MexknH
14ac 2 yaca 3 yaca 4 yaca 5 y4acoB 8 yacoB 9 yacoB
TAHbL3VHb YraHwKoy | HaHbu3mH | XaHwkoy | LaHxan lyaHwxoy | CaHraH
LnusauxyaH Li3nHaHb Xaan YxaHb XapbuH (2015r)
LLI3HbAH YaHuyHb CwuaHb
TanoaHb HansHb

CornacHo «[lnany pa3Butust ypbaHuzanuu
B KHP B nepuon 2014—2020 rr.», ob1ast mpo-
TSDKEHHOCTD BBICOKOCKOPOCTHBIX MarkucTpasieit
(BCM) B KHP k 2020 romy mipeBbicuT 20 THIC.
KM, a CyMMapHas JJIMHA JUMHUNA T0e310B
€O CKOPOCTBIO He MeHee 160 kKM/4d cocTaBuT 40
ThIC. KM. OOBIYHBIE XKeJIE3HBIE JOPOTH COCT-
HST TOpOJa C HaceJIeHUEeM, MPEBbIIIA0NIIUM
200 1BIC. yenmoBek, a BCM, cocrostime u3 ue-
THIPEX JINHWI B HATIPABJICHUH «CEBEP-BOCTOK»
Y YeThIPEX MapIIPyTOB B HAMPABICHUU «BOC-
TOK-3aImajl», OXBaTAT MOYTH Bce ropona Kutas
¢ unciom xureneit 500 Teic. 1 6osee, obecre-
4ar TOCTYI K CKOPOCTHOMY KeJIE3HOOPOKHO-
My coobiieHuo He MeHee 90% HaceneHUst
ctpaHbl. CTPOUTENILCTBO HOBBIX MarkcTpaiei
oboiiaercs B 1 TpyH 10aHel.

Pactymast cetb BCM 1M0O3BOJIUT JIIOISIM TO-
Oupatecs ot [leknHa 10 mogasisitonIero 60Jb-
IIMHCTBA aJJMUHUCTPATUBHBIX LICHTPOB TPO-
BUHIIMI CTpaHBI 3a BpeMsl, He MpEeBbIIaoIee
8 gacoB (Tabimiia 1), 3a UCKITFOUCHUEM JINIITb
Xatikoy, HanbHuHa, KynbmuHa, Ypymuu v JIxa-
CBI, a BpeMsI B TIYTU MEXJTy KPYITHEAIIINMU TO-
polaMu TOJDKHO COKPATUTHCS B 2 pasza. B pe-
3yJIBTaTe YCKOPUTCS MACCAKMPCKOE COOOIICHIE,
YBEJIMUUTCS TIPOBO3HAST CITOCOOHOCTD JIOPOT
u OynieT peliieHa mpooJieMa Ype3MepHOIA Harpy3-
KM Ha KPYITHEWIIe KeJIe3HOMOPOXKHBIC Y3ITbI
BTIEPUOJIBI MACCOBBIX IMTOE3MOK kuTesneit Kurast.
B stuBape 2014 roma 00beMbI TIEpeBO30K 1acca-
SKUPOB TI0 CPABHEHUIO C TIPEIBIIYIIIMM TOIOM
BbIpoc/i Ha 7,9% 1 coctaBuiim 257 MITH Toe-
310K, a KOJTMYECTBO NCTIOTh30BAHHBIX COCTABOB
BO3pocIio Ha 157 map — 1o 2667 emunui. Exen-
HEBHO B CTpaHe KypCUPOBAIO 5 ThIC. TIOE3MI0B,
TepeBO3st OKOJIO 6,8 MITH MacCaXKUPOB B CYTKU.

CTpOUTEThCTBO BEICOKOCKOPOCTHBIX Marv-
CTpaJieil 3HaYMTeTbHO TTIOBBICUIIO MOOMTBHOCTD
Hacenennst KHP — k Hagay 2014 roma Ha 1o-
mo BCM npuxoauiock okoso 25% Bcex mac-
CaXXMPCKUX TIEPEBO30K XKeJIE3HOTOPOKHBIM
TpaHCITopTOoM. EkeromHblii IpupocT obobeMa
MacCaXXNPCKUX MepeBO30K Ha TuHUN [TeknH—
TAHBLBUHB CO THS €€ OTKPBITUSI COXPAHSLICS

Ha yposHe 20%, IMexkun—Ilanxait — 40%,
¥ 3TO C YYeTOM TOTO, YTO WHTEPBATBI MEXITY
OTITPABJIEHUSIMU CKOPOCTHBIX COCTABOB B 000~
WX HaTpaBJICHUSIX COCTaBISIOT 4—5 MUH.
3a omuH uts 2013 rop yeyramu camoii mpo-
TsokeHHOU B Mupe BCM [lekuH—IyaHawKoy
BOCTIOTB30BAIMCH OKOJT0 100 MITH Iaccaskupos.
Kpome toro, Maructpans cienana ooee n0-
CTYITHBIMU TYPUCTUYECKNE OOBEKTHI — ITOCIIe
OTKPBITHS TT0 HEU IBUKEHUST YMCIIO TYPUCTOB,
KOTOpbIE TIOCETUJIN Topona YxaHb, YaHina,
Wxsnwxoy, unzsauxyan u [1ekuH, ygennuu-
Jock Ha 20%.

KOMMNPOMMUCCbI KOHKYPEHTOB

ITo mepe pacmmpenus cett BCM ckopoct-
HbIE TI0€3/1a CTaJI KOHKYPUPOBATh C TP -
OHHBIMU PETHOHAJBHBIMU aBUAaKOMITAaHUS -
MW — OHM HApYIIWJINA TOCTIOJICTBO aBUAIINOH -
HOTO TPAHCIOPTAa Ha PBIHKE MaCcCaXKUPCKUX
TepeBO30K Ha PACCTOSTHUE CBBIIIE | THIC. KM.
CoracHoO OlIeHKaM CIeIaINCTOB YHUBEPCU-
Teta rpaxnaHckoit apuauuu KHP, BBeneHue
B aKcImTyatanuio BCM cHmXaeT KOIM4ecTBO
aBuanaccaXxupoB Ha JaHHOM BHYTPEHHEM
HarpaBieHuM Ha 30%.

ITocne OTKpBITUS ABUKEHUS HA JIMHUUN
UxkoHukoy—CuaHb BpeMsl TTOE3IKU MEXIY
JIBYMsI TOPOJIaMU COKPATUIIOCh C 6 10 MeHee 2
4acoB, a PErMOHATbHBIM aBUAKOMIIAHUSIM
MPUIILIIOCH OTMEHUTD TIOUTU BCE aBUAPEICHI
BHYTPU MPOBUHLUU XyOdii. A C OTKPBITUEM
B 2012 romy BCM TlekuH—YxaHb HEKOTOpBIE
peruoHajgbHbIe aBUATIEPEBO3YMKN CHUBUIU
CTOUMOCTH OWJIETOB Ha TEPEJIET MO ITOMY
Mapiipyty ¢ 1 Teic. oaHeit ($160) mo 200 roaHei
($32). B 2013 romy BCTyImma B CTPOii BEICOKO-
ckopocTHas Tpacca IaHbuxaHb—IlekuH,
KOTOpasi COKpaIlaeT BpeMs MOe3IKN MEeXIy
JIBYMSI TOPOJIaMU IO 8 4aCOB BMECTO MPEXKHUX
29 (B mampHelIIeM OyaeT mpomosnkeHa 10 CsaH-
raHa).

buner na BCM B 3aBUCcHMOCTH OT KJ1acca
crout ot 2727 no 540 1oaHeii (Ha OOBIYHBIN
moe3n — ot 257 1o 720 oaHeir: buet Ha 3-ya-
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COBOIT aBUallMOHHBIH nepeneT LL>HbYKaHb—
ITexun aspobycom A380 aBMakKOMIIaHUU
China Southern Airlines o6xomutcst B 1750
1oaHeii. B utore B 2013 rony Beayime KuTtai-
CKHE KOMIIAaHUM OOBSIBUIM O CHUXCHUU
naccaxupckux tapugosn: China Southern
Airlines cnenana ckuaku 10 73%, a Air China
CHM3WJIA 1IeHBl Ha 57% Ha mepesieT 1o Map-
mpyTy IlekuH-Yxanb. [eHepanbHbII JUpeK-
top China Eastern Airlines JIro [1laoroH mmosa-
raeT, «4To B HejgajaekoM oymymieM cetb BCM
Kwuras Oymer oxBaTbIBaTh MPAKTUYECKU BCe
paliOHbI CTPaHbI, YTO OKAXET MPSIMOE U JIJT1 -
TeJbHOE naBiieHue Ha 60% pbIHKA TpakKaaH-
ckoit aBuamu KHP» [1].

OcTpast KOHKypeHTHass 60pbba MexXIy
nByms Buaamu TpaHcriopra KHP Beinynmnna
MX PYKOBOJACTBO MPUCTYIIUTh K pa3paboTKe
MmyTell COTpyAHUYECTBA U BHIPAOOTKE KOM-
IIPOMMCCOB B 60phOE 3a MPUBJICYECHUE MAC-
caxxupoB. B 2013 rony aBuakomnanus Air
China 3akiouniia mapTHEPCKOE COTIallleHUe
¢ [llanxaiickum ynpaBiieHrneM gopor Kuraii-
CKOM K€JIE3HONOPOXHOMU KOpIOpalluu
(K2KK), coriracHo KOTOpOMy Iaccakuphl
MpY 3aKa3e aBMallMOHHOTO OuJieTa B 11000M
M3 IBYX IIAHXaMCKUX a3POIIOPTOB OIHOBPE-
MEHHO MOTYT ITpuobpecTu ounersl Ha BCM,
coBepiiatoime noe3aku mexay Illanxaem
M YeThIpbMS Omkaiiimmmuy ropogamMu — Cy-
yKoy, XaHuxoy, Yanuxoy u Ycu. Kpome
Toro, Air China pa3pabaTtbiBaeT BO3MOXXHOCTh
CTBIKOBKM CBOMX MEXIYHApOIHbBIX aBUapeii-
COB C pacHuUcaHueM BBICOKOCKOPOCTHBIX
IOE3/I0B.

Jpyrue KuTaickKue aBUallMOHHbIE KOM-
MaHuM MpuberaioT K 0oyiee paguKaabHbIM
mepam: China Eastern Airlines ¢ 2013 roga
3aKa3bIBaeT U oIulaunBaeT omiaeTsl Ha BCM
TeM IaccaxupaM aBUaKOMIIAHUU, KOTOPBIE
IOJIB3YIOTCSI €€ YCIIyTaMM U COBEPLIAIOT IIe-
penethl B coceqnue ¢ lllanxaeM unu Yxanem
ropoja, 1 yBeJIMUMia KOJIMYECTBO MOE3I0K
o cxeMme «aBua—BCM» Mexy 1ByMsI adpo-
nopramu [Hlanxas (Honggiao u Pudong)
M YETBIPbMSI KPYITHBIMU ropogamu — Cyukoy,
Veu, Yanuxoy u1 Huu6o. ABuakommnaHus
Hainan Airlines ¢ 2013 roga ckoppeKTUpoBa-
Jla pacIMcaHue CBOUX I0JIETOB ¢ rpacuKOM
IBUKEHUSI BbICOKOCKOPOCTHBIX MOE310B
B IIPOBUHILINY XaliHAHbD.

B coBpeMeHHBIX YCIIOBUSIX B TOBApOOOME-
HE BO3pacTaeT J0JIs1 TOPTrOBJIM JOPOrOCTOSI -
LIKMM I'PY30M C KOPOTKMM LIMKJIOM OOpalie-
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Hus. MHorue roasl B Kutae npu tpaHcrop-
TUPOBKE I'PY30B CIIy>KObI CPOUYHOI TOCTaBKU
Ha 95% ObUIN 3a1€1ICTBOBAHBI aBUALIMOHHBII
M aBTOMOOMUIbHBINA BUABI TPAaHCIOPTA,
a Ha JIOJIIO XXEeJe3HbIX TOPOT MPUXOANIOCH
nuib 5%. C 6bIcTpbIM pa3ButieM cetu BCM
CUTYyallUsl KapAUHAIbHO U3MEHUIACh — BE-
IYLIIUA onepaTop Keiae3Hbix mopor China
Railway Group B 2013 roay roamnuca coria-
LIEHUsI O COTPYAHUYECTBE C OCHOBHBIMU
KUTAMCKUMMU U 3apyOeKHBIMU KOMIIAHUSIMU
no akcnpecc-moctaBke: SF Express, China
Post, UPS, Pony Express, DHL, TNT
Express. [IpoBeneHHbIe TOrma pacueThl cebe-
CTOMMOCTHU IMEPEBO3KU CPOYHBIX TPY30B
mo BCM Iyanuxoy (I'yanayn) —Yanma
(XyHaHb) TOKa3aju, YTO CTOMMOCTb UX J0-
craBKM Ha pacctosgHue ot 500 mo 1 TeIC. KM
10 CPaBHEHMIO C aBUAIlEPEBO3KAMM MOXET
ObITh cHUKeHa Ha 40—50% [2].

HAYYHO-TEXHUYECKUW NPOIrPECC

CeromHs KUTaliCKMe TOCKOPIOpaluu
CaMOCTOSITEJIbHO pa3pabaThiBalOT HOBbIE,
boJiee ckopocTHbIe cocTaBbl 1ist BCM. 3 ne-
kabps 2010 roga B xoae 3KcIepuMeHTalb-
Horo ucneiTanusg moaenu CRH-380A,
npoBoauBIIerocs Ha yuactke [lekun—IIlanH-
xaii ot Lzaouxyana (IllanpayH) no baHOy
(AHBXOI1), MaKCUMaJdbHasg CKOPOCThb 3K-
cnpecca gocturia 486,1 KM/4 — 3TO HOBBII
MUPOBOI PEKOPJ CKOPOCTH JABMXKECHUS 110~
e3noB. [Ipenbiaymmii (416,6 KkM/4) ObLI 3a-
perucTpupoBaH 28 ceHTSIOPS TOTO e rojaa
B XoJe MpoOHOo# sKkcmyaTauum Ha BCM
Ianxaii—Xanuxoy. B utone 2012 roga py-
koBoacTBO Kopropauuu CSR o0bsABUIO
00 YCIICIITHOM UCIBITAHUY I0e3/1a, CII0C00-
HOTO pa3BUBaTh CKOpocThb B 500 KM/4, a yxKe
B ssHBape 2013 roga HOBBI 3KCIIEPUMEH-
TaJIbHBII TT0e3/] YCTAHOBUJI BIICYATIISIIOIIIA
pekopa — 600 km/4 [3].

CrielaarucThl MUHUCTEPCTBA XKEJIE3HbIX
nopor (M2KJI) ynenstoT moBBIILIEHHOE BHU-
MaHHe COBEPIICHCTBOBAHUIO U BHEIPEHUIO
cocTaBHBIX yacTeit 1 aneMeHToB BCM. Ipun
SKCILIyaTalliy BEICOKOCKOPOCTHBIX MOE3/I0B,
KaK M3BECTHO, BO3pACTAIOT AMHAMUYECKast
Harpy3Ka Ha peJIbCOBOE ITOJIOTHO, TOPMO3HOM
IyTh, LICHTPOOEXKHAsI CHjla Ha MOBOPOTaX
M a3pOAMHAMUYECKOE COpoTUBIeHue. st
pellleHus 3TUX MPoOJieM KUTalCKMEe KOH-
CTPYKTOPBI YBEJIIMUMIIM OCEBOE PACCTOSIHUE
MEXXY PEJIbCOBBIMU MyTSIMU, CIEJATU OoJiee



BBICOKUM DPaIUyC 3aKPYIJICHUI W BhIpaBHU-
BaHMI 110 TOPU30HTAJIM U BepTUKAIH, Oojiee
BBICOKMI KaHT peibca. [11oc K ToMy ripume-
HSIIOTCSI 0COOBIE PEJIbChI, 3JTACTUYHBIN Kpe-
MeX W OoJIblliee TOMepPeYHOe CeYeHUe TyH-
HEJIeH.

[Ipu npoBeneHUM TECTOBBIX MCIIBITAHUI
akcrnpecca CRH380A Ha ckopoctu 400 km/9
TaKMe ToKa3aTen, Kak Ko3(hOUIIMEHT BO3MOX-
HOT'O CXO/la C PEJIbCOB, CTEIEHb YMEHBIIICHUS
JTABJICHUSI KOJIeca OCH M MaKCHMaJIbHOE O0OKOBOE
JaBJICHME Ha KoJieca, COCTaBIISIIA COOTBET-
crBenHo: 0,13; 0,6 u 16 [4]. DTn nokasarenu
SIBJISTIOTCSI OCHOBHBIMU TIPY OTIPENIEICHUH CTe-
MeHu 0e30MMacHOCTU JABUXKEHUS CKOPOCTHOTO
rmoe3aa v, YeM OHM MEHbIIIe, TeM OoJIbIIe 0e3-
OMnacHOCTh. MeXXTyHapoIHble CTaHAAPTHI IIPe/I-
nojaratot uudpsi 0,8; 0,8 1 48 [5].

‘Vposens ryma B Barone CRH380A Bo Bpe-
MsI IBUKEHUSI CO CKOPOCThIO BhIIIe 300 Km/4
Bcero 61 a0, Torga Kak B cajioHE camoJieTa
Boeing npu B31eTe oH paBeH 81 10, a B aBTO-
MoOuiie Ha ckopocTd B 120 KM/49 OOBIYHO
01M30K K 76 06. YTto Kacaercsd TeXHUYECKON
HaZeXHOCTU, TO 146 CKOPOCTHBIX MMOE3I0B
CRH380A mpousBonctBa kommanuu CSR
Sifang, coctasisBiux B 2013 roxy 50% napka
noaBuxkHoro cocraBa BCM, B mipoliecce 9K-
CIUTyaTalliM Ha JAECSITU Pa3HbIX MaruCTPasIsax
YCTAaHOBMJIM peKopJ 0e30IacHOro mnmpoobera
B 160 MJTH KM.

B ob6nacTu xkene3HoI0pOsKHOTO CTPOUTEb-
CTBa KUTANCKNE CIEIIUAICTBI COOCTBEHHBIMU
CUJIaMU CO3IAJIM PSIT HOBBIX IMOAJTMHHO WHHO-
BalIMOHHBIX pa3paboToK. YuacTtok [oamym—
JIxaca cTanm caMbIM BBICOKOTOPHBIM B MUPE —
MEPEroH MPOTSLKEHHOCTHIO 960 KM ITPOJIOXEH
Ha BbIcOTe 0os1ee 4 KM Hazt ypoBHeM Mopsi. BCM
HEPEIKO IepeceKaroT BOAOEMbI INTYOMHOM OoJiee
100 M 1 MpOXOAIT Yepe3 MOCTHI-TOHHEIN Ha BbI-
corte 0osiee 80 M. 2Kesre3aHOTOPOXKHBIN MOCT
TanbcuHwKoy uepes p. AHu3bI Ha Tpacce Ile-
KuH—IyaHwKOoy BOIM3M I. YXaHb UMEET caMblii
MPOTSKEHHBIN MposieT B Mupe — 504 M, a moj-
3EMHBIMA TOHHEJb, OCHAILICHHBIN LIECTHIO XKe-
JIE3HOAOPOKHBIMU JTMHUSIMU JIJIST BHICOKOCKO-
pOCTHBIX Moe3noB B L. [uiBsawkyan (X203i1),
nMeeT TpoTsekeHHOCTh 4,98 kM. B 2014 romy
MPOOUT CaMblii BBICOKOTOPHBIH B Mupe 9490-me-
TPOBBI TOHHEJIb JUISI CTPOSILLENICS MATACTPAIN
Jlanpwkoy—Ypymun Ha BeicoTe 4345 M. B HBI-
HEIIHEM K€ ToIy HayajJoCh CTPOUTEIbCTBO
MOCTa «XyTyH» JUIMHOI 11 KM depe3 peky SH-
11361, KoTophlii cBskeT Illanxait ¢ HansryHOM

(LI3stHCY) M CTaHET CaMbIM ITPOTSKEHHBIM 3Ke-
JIE3HOJOPOXKHBIM BaHTOBBHIM MOCTOM B MUDE.
ITo Hemy OyayT MPONOKEHBI YETHIPE XKeJIe3HO-
JOPOXKHBIX ITyTH (nBa 1st BCM) 1 11ecth aBTO-
MOOWJIBHBIX ITOJIOC.

Kwrait y>ke 000rHaa MHOTHE CTpaHbl MUpa
HE TOJIbKO B IUIaHE MPOCKTUPOBAHMS U TIPO-
KJIaaK1 OeCIIIOBHBIX PEJIbCOB, HO U OBJIames
TEXHOJIOTMEN IPOTUBOACUCTBUS TEMIIEpATyp-
HoMy BoszaeiicTBuio. [IpeqHasHaueHHBIE IS
JIBIDKEHUST B XOJIOMHBIX PETUOHAX IToe3/1a TUTIa
CRH380B (pa3paboransl komnaHueit CNR
st BCM Xapoun—/laissHb) MOTYT Kypcupo-
BaTh Ipu Temriepatypax —40 u +40 (3umoit
ckopocTh coctapiisgeT 200 KM/4, B JIeTHEE Bpe-
ms1 — 300 km/4).

B 2013 rony xopniopaiuss CSR 3akoHumna
TeCTUPOBAHME CKOPOCTHBIX Ioe310B (200—
250 KM/4), CITOCOOHBIX ITOJTyYaTh MUTaHNE KaK
OT KOHTaKTHBIX CeTel, TaK U OT aKKyMYJISTO-
poB. Ceifyac OHU CTaJIM IKCIUIyaTUPOBAThCS
B TeX paifoHax Kurasi, rae xkene3HomopoxKHast
CeTh Ha OTIEJBHBIX yJaCTKax He MMesTa KOH-
TaKTHBIX JIMHUM.

IMonpa3znenenue Changchun Railway
Vehicle Co., Ltd. kopriopauuu CNR coznano
MPOTOTUI TMOPUIHOTO CKOPOCTHOT'O IOKOMO-
THBA, UCIIOJIb3YIOIIETO OT IBYX 10 TPEX UCTOY-
HUKOB IUTAHUS: 3JIEKTPOABUTATEb, TU3E/Ib-
HBII TBUTATENIb M aKKYMYJISITOPHBIC OaTapeu.
OnHu OyayT OpPMUPOBATHCS IO MPUHIIUAITY «IBa
B OJHOM» WUJIM «TPHY B OMHOM» B 3aBUCUMOCTHU
OT YCJIOBMI IKCIUTyaTalluM U COCTOSTHUS Ke-
JIE3HOJOPOXKHOTO IoJoTHA. Tloe3na roToBbI
MepeIBUraThCS CO CKOPOCThIO 160—180 km/4
HE TOJIbKO Ha OCHOBHBIX MarucTpasx,
HO 1 BCIIOMOTaTeJIbHBIX BETKAX.

B 3HauuTenbHOIT Mepe MHHOBAIIMOHHBIE
PpelIeHus IpY pa3paboTKe MOABMKHOTO COCTa-
Ba U CTpoUTEIbCTBE MoJjioTHa Ayt BCM Oblun
IOCTUTHYTHI Ojaronaps paszsutuio HUOKP.
B navane 2014 roma BompocaMu pa3BUTHS
MMOABMIKHOI'O COCTaBa M MOBBIIICHUS KaYeCTBa
CeTeBOro 000pyI0BaHUs 3aHUMAJINCH 25 YHU-
BepcUTETOB, 11 MccaenoBaTeIbcKUX LIEHTPOB,
51 orpacneBast 1abopaTopusi U UHKEHEPHBIE
LieHTpHI [6]. B 2012 rony B YanuyHe (LI3mimHb)
zanyuieH kpynHeimuii B KHP nenTtp paspa-
0OTOK M MPOMU3BOACTBA CKOPOCTHBIX Iacca-
KUpckux coctaBoB (kopropanust CNR). Ero
paboyas momaaka (290 Teic. KM?) cTajia caMoi
MaciTaOHOI 1 HanboJiee YKOMITJIEKTOBAHHOM
TepeaoBbIM 000PYIOBaHMEM ITPOU3BOICTBEH-
HoI1 6a30ii B Mupe. LIleHTp criocoOeH exXeroaHo
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npou3BoauTh: 500 BaroHOB MJIsT OOBIYHBIX
rnaccaXXupckux 1moe3non, 100 BHICOKOCKOPOCT-
HbBIX DKCIIPECCOB HOBOTO MOKOJICHUS MOJEIIN
CRH380A, 800—1000 Baronos a1t BCM, 1200
BaroHOB ISl MEXIYTOPOIHBIX 9KCIIPECCOB.
B 2013 romy CSR otkpsbina cBoii riepsbiit HUN,
B 3a/1a4i KOTOPOTO BXOAMT HE TOJIBKO pa3pa-
0oTKa HoBelmux TexHonoruii njast BCM,
HO U oIlpelieieHue 9KOHOMUYECKOM U MpO-
MBIIIEHHOM CTpaTernu Kopriopauuu [7].

MYJBTUMJTUKATUBHbINA 3DDEKT

TMossnenne BCM B Kutae omHOBpeMeHHO
CTaJIo U TEXHOJOTUYECKUM ITPOPHIBOM, U ChIT-
pajio OOJIBIIYIO POJIb B CTUMYJIMPOBAHUM pa3-
BUTUSI 9KOHOMMKU CTPaHbl M aKTUBU3AIIUU
BHYTpeHHero cripoca. CorjacHo pacuyeTam
9KOHOMUCTOB Ha OCHOBE MEXOTpPacJeBbIX
OaslaHCOB, KaXIblli MUJUIMAPI l0aHEeH, BIO-
KeHHbIN B pazBute BCM, co3naer 6onee 20
TBIC. HOBBIX Pa0OYMX MECT B XKeJIC3HOIOPOXK-
HOIT oTpaciu U B 2 pa3a 00JbIIe pabounxX MeCT
B CMEKHBIX OTPAC/ISIX. AHATUTHYECKAst KOMITa-
Hust China Galaxy Securities BbIIBMIa, UTO
nHBectupoBanue 700 mipa oaneit ($108,5
MJIPI B XK€JE3HOMOPOXKHOE CTPOUTEIHCTBO
MOKET 00eCIeyuThb cripoc Ha 30 MJIH T CTaIu
u 140 mutH T eMenTa. Kuraiickue crierimaim-
CThI €IMHOMYIIIHBI B CBOMX OLIEHKAX: Kanuma-
J10810ICCHUSL 8 JICENE3HOO0POICHYH UHPDPACMPYK -
mypy cnocobcmeyiom pocmy BBII KHPna 2—3%.

CTpOouUTEbCTBO XKeJIE3HBIX TOPOT ITOMOTaeT
NTUHAMAYHOMY Pa3BUTHIO SKOHOMUKU MpUJIe-
raroImX paiilOHOB U MHOTUX CBSI3aHHBIX C ITPO-
KJ1aJKOM HOBOI Tpacchl otpacieii. [To oueH-
KaM 3KCIIEPTOB KeJIe3HOIOPOXKHOIO MUHU-
cTepcTBa, camasl TpoTskeHHast B Mupe BCM
INexuH—IyaHuwKOy MO3BOJIUT €KErOAHO yBe-
JmuuBaTth BBIT cTpanbl Ha 30 Mipad roaHei.
Maructpaib 00beAMHSIET NSATh BaxKHEHIINX
9KOHOMMUYECKHMX 30H, 1 0XK1IaeMOe MOBbIILIC-
HUE JIeJIOBOM aKTUBHOCTHU B 28 KpYIMHEHUIINX
ropojiax, pacroJjIoXKeHHbBIX B perMoHe, obecrie-
YUT B TEUCHUE TISITH JIET TTOC/Ie OTKPBITUS 10-
poru monoiaHuTeabHbIt poct BBIT Kuras
Ha 3—5%.

ITocne BBOIA B cTpoii B 2006 romy Hanbosee
yIaJIieHHOI 3amagHo xene3Hoi noporu L{nH-
xaii—Tu6et (1956 km) BBII Tu6eTckoro aBTo-
HOMHOTO palioHa yBeJau4uics ¢ 34,2 MIpa
1oaHeii 1o 80,2 mapa roaHeit B 2013 romay. B aToT
MepUoa JOXOAbl MECTHOM TYPUCTUUECKOI OT-
paciay eXeroaHo MOIHUMAIUCh TPUMEPHO
Ha 25%, a 00111ee KOJIMYECTBO TYPHUCTOB, ITOCE-
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TUBIIMX pailoH, BbIpoco ¢ 1,8 miun g0 12,9
miH. B 2013 roay 330 Teic. yenoBek win 10%
HaceneHus Tudera padoTanu B TYpUCTUUECKOI
UHaycTpuu. biarogapst crpeMUTEIbBHOMY pa3-
BUTHUIO PErMOHAIbHOM 3KOHOMUKU 00beM
SKCIIOPTHO-UMITOPTHBIX ONepalnii Ha ITOABE-
JIOMCTBEHHOI aBTOHOMUM TEPPUTOPUHM IIpE-
Boicua $3 mupa. 3a Tpu roma sKCILIyaTaluu
JIoporn YxaHb—IyaHuwKoy UMCIIO MepeBe3eH-
HBIX raccaxkupoB npeBbicuio 100 muH. Pacro-
JIOKEHHBIC B 30HE €€ IpuJIeraHusl ropoja
MPOBUHLIMKU XyHaHb — Yanima, BuHbuxoy,
X9HbBSIH CMOIIM peanun3oBaTh 0ojee 3 ThIC.
IIPOMBIIIJIEHHBIX IIPOEKTOB, COCTABJISIIOLINX
ceronHst 40% MX MHIYCTPUAIbHOTO ITOTEHIIM-
aja, 1 co3narh bosee 50 THIC. HOBBIX paboOUMX
MECT, IIPA 3TOM POCT 00beMa PO3HUYHBIX
MPOAaX B 3TUX IOPOJAX CTajl 3HAYUTEIbHO
MPEBBILIATH CPEAHUI 110 IPOBUHLIVN.

[IpuBoAKMMBIE IPUMEPBI B U3BECTHOM Mepe
OTpakaroT pPe3y/IbTaThl CIICLIMAIM3AIIIH KeJIe3-
HonpopoxHoro komruiekca KHP, kotopas,
C OJIHOI CTOPOHBI, AEMOHCTPUPYET KApAMHAIIb-
HBII pOCT CKOPOCTHU IBMKEHMSI B COOTBETCTBUU
C TTOTPEOHOCTSIMU MTACCAXKUPOB (pa3BUTHE CETU
BCM), a ¢ apyroii — poCcT MpOBO3HOI CITOCO0-
HOCTM OOBIYHBIX MarucTpajeii ais odbecrede-
HMSI MACCOBBIX TPY30BbIX IIEPEBO30K C MUHU-
MaJlbHOI cebecTonmocThlo. [1o cytn, pa3Butuie
BCM niponyuupyeT 3HaUUTENbHBIN BHYTPHUO-
TpacjaeBOI MyJIETUTLIMKATUBHBIN 3(P(EKT.

CornacHo aHanu3y, mpoeaeHHoMY KOKK,
U3bITHE OJHOIO I1aCCaXMPCKOTO COCTaBa
M3 MarucTpajld CO CMEIIaHHBIM TUIIOM K-
cIUTyaTaluu (Co3naHue CIelUalbHOM BbIAC-
JIECHHOM XEJIe3HOM IOPOru I BBICOKOCKO-
POCTHOTI'O IACCAXXKUPCKOTO ABMXKEHMS) TTI0O3BO-
JIIeT TIOBBICUTh IIPOITYCKHO MOTEHILIMA Ma-
ructpaiu Ha 1,5—2 rpy3oBBIX cocTaBa [9].
YBem4eHue 1011 IPy30BbIX KeJIe3HOI0POXK -
HBIX IIEPEBO30K B COBOKYITHOM I'Py30000pOTe
TpaHCIIOpTa CTpaHbl Ha 1% cHuKaeT cebecTo-
MMOCTb HAIlMOHAJILHOM JIOTUCTUKM Ha 21,2
mipn roaneit [10].

C otkpoiTuem BCM l3unans—Illunnao,
Vxanb—Iyanuxoy u lllanxaii—HaHkuH rpy30-
000pOT Ha JACKCTBYIOIINX IPY30BbIX 3KeJIE3HBIX
noporax yBenuuuiucs Ha 200 MJIH T B TOJI.
B wactHocTu, Ha yuyactke Illanxaii—Hankun
crapoii Betku ITekun—IllaHxait oH cocTaBuI
oosee 230 ThIC. T B AeHb. [To manubsiM M2K]T,
rocJie BBeJaeHus B akcrutyaranuio B 2010 roay
BCM Ilexun—Illanxait mpomyckHasi Crioco0-
HOCTb IPY30BBIX MarucTpajieii B TOM HallpaB-



JIeHuU Bo3poca Ha 140 TeIC. T e3KeTHEBHO, MIIN
50 MJIH T B TOJI.

CoszgaHue KpyrHerieii B mupe cetu BCM
obonock M2XKJI B aCTpOHOMMYECKYIO CYyM-
My — Oosiee 2,5 TpJIH 10aHei, IMoaaBIsIOIas
YacTh KOTOPO# OblIa c(hopMHUpOBaHa 3a CUET
3aiiMOB ¥ KPEIUTOB C yIaCTUEM LICHTPATbHBIX
06aHKOB. MHorue OMpkeBble aHATUTUKY TT0J1a-
raloT, YTO PYKOBOIUTEIM MUHUCTEPCTBA IO/~
MUTHIBAIOT MHTEPEC K YCKOPEHHOMY CTPOM-
TeabeTBy BCM myTeM MOCTOSIHHOM ASMUCCUN
HOBBIX aKIIMii KaK MICTOYHHMKA (hHMHAHCUPOBa-
HUSI, KOTOPBIi «I0CTaJICs UM ITOI00HO Gec-
iatHomy obeny» [11]. ITo mporHo3am aHanu-
TUKOB KuTaiickoro Minsheng Bank, cooTHo-
meHnue odbeMa JOJTOBBIX 0053aTENbLCTB
K CTOMMOCTH OCHOBHBIX (poHI0B MK/ MoXKeT
Bo3pactu 10 70% B TOM clly4ae, eCJiu MUHU-
CTEPCTBO OYIET M B JaJIbHEUIIIEM I10JIaraThCst
TOJIBKO Ha TroCyIapCTBeHHbIE OAHKOBCKUE
3aiiMbl X SMUCCUIO CBOMX LIEHHBIX OyMar Ipu
MPOIO/DKEHUM 9KCITAHCUM PACIIMPEHUsI CETU
OOBIYHBIX U BbICOKOCKOPOCTHBIX XKeJIe3HbIX
JIOPOL.

HAMNPABJIEHUA PEDOOPM

OrpoMHasi (puHaHCOBasH 3aJ10KEHHOCTh
M2K]I 1 HeOOXOOUMOCTh BBISIBJICHUS JOMOJI-
HUTEJIbHBIX UCTOYHUKOB (pMHAHCUPOBAHUS
pPa3BUTHS OTPACIU BBIHYIMIM PYKOBOACTBO
CTpaHbI 3aHAThCS pehOPMUPOBAHUEM XKeJIe3-
HOJIOPOXHOM MoHOMOIUM. [Ipeamnochuiku
K UBMEHEHUIO Kypca nosiBuianch B 2012 romy,
KOTIJIa CIICLIMAIMCThI IPU3HAIIN, YTO POJIb MU~
HMCTEPCTBA IOJIKHA 3aKJII0YAaThCS B CO3MaHUI
HauOoJiee OJIaronpysITHOM CPeIbl JUIsl Pa3BU-
THSI KOHKYPEHIIMU U TIPeAIIPUHUMATEIbCTBA
U UCIIOJIb30BAHUU B 3TUX LIEJISIX IIPEUMYIIIECT-
BEHHO KOCBEHHbIX (DOPM 1 METOIOB rocyaap-
CTBEHHOTO pery/ipoBaHust. OCHOBHBIM X031 -
CTBYIOIIMM CyOBEKTOM, KaK IIPEITI0JIarajioch,
MOTYT CTaTh YIIPaBJICHUsI JOPOT, a TOCYIapCTBO
OyIeT OTBeYaTh JIMUIIb 3a 00Iee PYKOBOICTBO
OTpaciiblo, (opMUPOBAHKME MHBECTULIMOHHBIX
(hoHIOB /17151 3HAYMMBIX HALIMOHAJIBHBIX TIPO-
rpaMM 1 ITPOEKTOB B 00JIACTH KEJIE3HOIOPOXK-
HOT'O TPaHCIOPTA.

Kapaunanbnas pepopma M2XKJI pa3BepHy-
nack nocne 18-ro cbe3na Kommaptun Kurtas
u 3-ro ienyma LHK KITK 18-ro co3siBa (HO-
s6pb 2013 1), KOTOpHBIE B3SIU KypC Ha BCECTO-
pOHHUE Mpeodpa3oBaHus B chpepe rocyaapcr-
BEHHBIX IIPEITTPUATHIA, TOCKOJIBKY «OHU SIBJISI-
I0TCSI HU3KO3(P(PEKTUBHBIMU U T10OJIy4aloT

Yype3MepHbIe TOCyIapCTBeHHBIE ITpedepeHI»
[12]. PykoBoactBo KHP npuctynuino x mpo-
BEICHUIO OPMEHTUPOBAHHBIX Ha PBHIHOK pe-
¢dopM rockoprnopauuii, YTo0bI MPOIOJIKUTH
JEMOHTaX MX MOHOIIOJBHOTO IOJOXEHUS
¥ JOOUTBCS TTIOOLIPEHUST KOHKYpeHIIUu. B pe-
30JIIOIIMY TUIEHYMa OTMEUajioch, YTO Ha TIpei-
MPUSATHUSIX €CTECTBEHHBIX MOHOIIOIU OyIyT
pa3aenasaThess QYHKIUMU TOCyIapCTBEHHBIX
TIOJITHOMOYMI U XO3ICTBEHHOTO YIIPABJICHUSI.
YacTHBII KalmuTaa CMOXKET y4acTBOBaTh B MH-
BECTUIIMOHHBIX ITPOEKTaX HapaBHe C rocynap-
CTBEHHBIM 1 TEM CaMbIM OCYIIIECTBUTCS ITepe-
XOJ K 9KOHOMMYECKOM MOJIEI, OCHOBAHHON
Ha IpaBe CMEIIaHHOMW COOCTBEHHOCTH.

Bb11 omo6peH 11aH 1Mo pecTpyKTypU3aln
M2K]I, 3akmovaroimiics B pa3nejeHuM (PyHK-
LM TOCYIaPCTBEHHOTIO YIIPABJICHUS U X035~
CTBEHHOMU JIEATEIbHOCTU KUTANCKIMX KETE3HBIX
JIOPOT ¥ OMHOBPEMEHHOM BBIICJICHUM U3 MO-
HOTIOJIbHOM CTPYKTYPbl MUHUCTEPCTBA KOHKY-
PEHTHBIX BUIOB AesITeJbHOCTU. Bo3HuKIN
aIMUHMCTPATUBHOE U KOMMEpYECKOoe IoIpa-
3aeneHus — locymapcTBeHHOE ympaBlieHUE
kene3HbIx nopor (I'Y2KJ1) u ymomuHaBIascst
yke Kuraiickast Xene3Hoa0poXKHas1 Kopropa-
nusa (KXKK). 3ampaua I'V2K]I 3akinrouaeTcs
B 00OeCIIeYeHUM COOTIONEH M TEXHOJIOTMYECKUX
CTaHIAPTOB, OCYIIIECTBICHUN KOHTPOJST Oe3-
OITACHOCTH Ha KeJIE3HOIOPOKHOM TPaHCIIOP-
Te, TIPOBEACHUU OIIEHKU KavyecTBa MH(ppa-
CTPYKTYPHOTO CTPOUTEIbCTBA. MUHUCTEPCTBO
tpancropta KHP u I'VXK]/I B3s1u Ha cebs
KoHTpoJib 3a aesateabHocThio KXKK (China
Railway Corp.). Kopriopaiiuu mopydeHo 3aHU-
MaThCsl OIIePaTUBHOM AESITEIBHOCTHIO BMECTO
peopranuzoBaHHoro M2KJ1, onpenensars ypo-
BEHb XKeJIe3HOIOPOKHBIX TApU((OB, 3aHUMATh-
Cs1 TPYAOYCTPOMCTBOM 2 MJIH OTPAC/IeBBIX CO-
TpyIHUKOB. IIpaBUTENnbCTBO 00513yeTcs (pu-
HaAHCHUPOBATh KEJIE3HOAOPOXKHOE CTPOUTEIIb-
cTBO, TnpenocTaBiasaTh cyocuauum KKK
B TE€UYEHUE TPEX JICT ITOCIe Hayaia pechopMupo-
BaHMS, CTUMYJIMPOBATh MPUBJICUYCHE NHBE-
CTULIUI B OTPacCJb.

ITo 3ammbicny pykoBoactBa KKK momkHa
«COTPYIHUYATH CO BCEMU 3aMHTEPECOBAaHHBIMU
CTOPOHAMM C 1IEJIbIO U3BJICYCHUSI MAKCUMAJTb-
HOI NMpuObLIM U3 NepeJaHHbIX €ii aKTUBOB
M TIOCTENIEHHO COKpalllaTh CYMMY 3aI0JIKEH-
Hoctu obiBIIero M2KJI. Kopriopaius siBisiet-
Csl TIPEANPUATHEM, OCHOBAHHBIM MCKJIIOUM-
TeJIbHO Ha TOCYIapCTBEHHOM KamuTaue. Mu-
HucrepcrBo (puHancoB KHP, yrmonHomoueH-
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Hoe [occoBeToM, OyaeT BBIMOJAHSATH
00s13aHHOCTH MHBECTOpPa, KOHTPOJIUPOBATh
YPOBEHb 3aI0JKEHHOCTHU, CACIUTD 3a KaYeCT-
BOM M 00BbEMaMM 3MUCCHU IIEHHBIX Oymar
KXKK.

B panpHetinem 18 Xelle3HOIOPOKHBIX
yhnpaBlIeHU OyayT TpaHCHOPMUPOBAHBI
B CEMb PeTMOHAIbHBIX Koprioparuii: CeBepo-
BocTounyo, Boctounyio, LleHTpanbHylo,
IOro-3anannyto, CeBepo-3amagHylo, a TakxKe
npeacrapisiomye [Mekun n Tanbuzunb. Hei-
HemrHsss CuaHbCKasl KOpHopalus MOXeET
MpPeBPaTUTHCSI B HE3aBUCUMYIO JIMOO BOWUTHU
coctaBHOI yacThlo B CeBepo-3ananHylo Kop-
MOPAIMIO CO ITA0-KBapTUPOI B I. JIaHbUKOY
(Ianncy). Heckonpko kmoueBbix BCM MoryT
BOWTHU B COCTaB HOBBIX KOPITOPALIMA B KAYECT-
Be HE3aBUCUMBIX areHTOB — Harpumep, Ile-
KnH—CsIHTaH.

MHorue rogasl HU3Kasi CTOMMOCTD I1acca-
JKUPCKUX OMJIETOB U YOBITOYHOCTD 3TOTO Cer-
MEHTa IeITeJIbHOCTU B OCHOBHOM KOMITEHCH -
POBAIMCH TOXOAAMHU OT TPY30BBIX ITIEPEBO30K.
C 2003 roma MMHHUCTEPCTBO TTOAHUMAJIO TPy~
30BbIe TApU(BI ACBATH pa3, a MOCICIHEE ITOBBI-
meHue B Mapte 2013 roma 3apuKcUpoBaio ux
ypoBeHb B 0,13 1oaHsg 3a T/kM. Kuraiickue
AHAJIUTUKMU TI0JIaraloT, YTO €CJIM TOCYIapCTBO
OTKaXeTCsI peCTPYKTYpHUPOBaTh YacTh A0JITa
oniBIIero M2KJI, To y HOBOI1 Kopriopaliuu
HE OCTaHeTCs MHOIO BbIXOJa, KaK MOBBICUTH
CTOMMOCTD KEJIe3HOMOPOXHBIX TapuhoB.
ITo MueHuto nipodeccopa IleknmHCKOro yHU-
BepcuteTa TpaHcroprta Yxkao LI3stHsI, «ceromHs
KKK, 6ynyun KomMepuecKoii opraHu3aiuei,
BPSI I OyIeT MUPUTBCS C yObBITKaMu» [13].

C 15 mions 2013 ropa KXKK npucrynuna
KO BTOPOMY 3TaIty pechOpMUPOBaHYSI OTPACTIN
IS CHUKEHUSI COBOKYITHBIX 3aTpaT Ha XKeJe3-
HOIOPOXHBIE Ipy30mepeBo3Ku. st opraHu-
3alUM KOHKYPEHTHOTO PhIHKA YCIIYT U 0oJjiee
MOJIHOTO YAOBJETBOPEHUS MOTPEOHOCTEM
skoHoMmuku KHP ¢popmupyercst kommepue-
ckast ”HGPaCTPyKTypa PbIHKA I'PY30BBIX Ke-
JIE3HOIOPOXKHBIX IIEPEBO30K, KOTOPast TOJIKHA
MPEACTABIATH CO00M 3(PDEKTUBHBII MEXaHU3M
MpeaoCTaBICHUS YCIYT, 00eCTIeUYnBAIOIINA
CBOOOIHBIN TOCTYN 3aUHTEPECOBAHHBIX KOM-
MaHWM Ha pbIHOK Y CTUMYJIMPYIOLLIMIA pa3BUTUE
KOHKYpeHLIMHU. Panu nmajgpHelIero pa3BuTys
KOHKYPEHILIMHU 1 MO3TalTHOTO MpeKpalleHus
MEePEKPECTHOTO CYOCUIMPOBAHUS TPY30BBIX
M TacCaXMUpPCKUX MEepeBO30K ¢ deBpansd
2014 roga Tapudbl Ha TPy30IEePEBO3KU ObLIN
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yBeaudeHbl Ha 0,03 1o0aHs 3a T/kM. [1o MHEHMIO
AHAJIUTUKOB, 3TO TOBBIIICHUE OKaXXeT CBOE
BJIVSTHUE TIPEXKIE BCETO HA SKOHOMUKY YTOJIb-
HOW Y CTAJICJIMTEMHOI OTpaciieit, OCYILECTBIIS-
IOIIMX TPAHCIIOPTUPOBKY CBOEH MPOIYKIIUU
Ha IajabHue paccTosiHUs. UTo KacaeTcst caMoii
JKEJIE3HOMOPOKHOM KOPIOpalliy, TO 3a CUeT
HOBBIX Tapu((dOB ee ToX0oAbl OYIyT BO3pacTaTh
Ha 40 MIp[ 10aHel eXXeroaHo.

MHBECTUL MU HABBIPOCT

7151 pacipeHus XKeJe3HOI0POKHOM CETU
K2KK paccunThiBaeT mpuBiaeKaTh JOMOTHU-
TeJbHbIC ICTOYHUKU (PMHAHCUPOBAHUS C MO-
Molibio DoH/Ia XKeJI1e3HOI0POKHOTO Pa3BUTHS
(®KP) u rmyrem paclImpeHus: COTPYIHUYECT-
Ba ¢ HantmoHaIbHbIM HHBECTUIIMOHHBIM (DOH-
aoMm Kutas (HU®K). OmmmuurenbHast 0co-
6eHHocTh HUDK — BO3MOXKHOCTB ITOJTYYEHUST
0I0MIXKETHOI0 (pMHAHCUPOBAHUS TTPOEKTOB
UHOPACTPYKTYPHOTO CTPOUTEIBCTBA MIPU CO-
OJIIOeHUU Psifia YCJIOBUIA, BKJIFOUAsi COOTBET-
CTBUE TTPOEKTa CTPATEIMUYECKUM OTPACIECBBIM
rocyIapCTBEHHBIM MpOrpaMMaM.

[To 3ambIcily pyKOBOACTBa KOPIIOpaLMU
®KP mor 06l UTpaTh POJIb MHBECTULIMOHHOMN
M1aT(hOPMBI, OTKPBITOM ISl YaCTHOT'O KaIl1Ta-
JIa ¥ CPEICTB MECTHBIX ITPAaBUTEILCTB. [1maHu-
pyeTcsi, YTO 0JIsl TOCYAapCTBEHHOTO YYacTUsI
B (hOpPMUPOBAHUM (PUHAHCOBBIX CPEICTB (hOH-
JaMoxeT coctaBisath 50%, KIKK —40%, a 10%
OCTaHYTCSI OCTaJIbHBIM YYaCTHUKAM, TIOCKOJIb-
Ky HOBBIE K€JIe3HOAOPOXHBIE MaruCTpaaIu
CTUMYJIHUPYIOT 9KOHOMUYECKOE pPa3BUTHE
Ha pEerMOHaJIbHOM YPOBHE U CO3MAIOT HOBBIC
pabouue mecTa.

CBouM pemeHuem ot 28 mapta 2012 roga
00 yupexXIeHUU 30Hbl (PUHAHCOBOI pedop-
MbI B ropoe (UxkaizsaH) Toccoser KHP Ha-
eI MECTHBIM MYHUILIMTIAJIUTET MPaBOM
MPUBJIEKAaTh YaCTHbIC MHBECTULIUU JJISI Pa3-
BUTHUS TOPOACKOM MHMpacTpyKTyphl. Ilep-
BBIM IIIarOM MECTHBIX BJIaCTeli cTajia Impojaa-
xa 50%-Horo makera akUMii CTpOSIICics
TOCYJIapCTBEHHOM XKEJIE3HOM 1OPOrU JJIMHOMN
52,22 KM ¥ CTOMMOCTBIO B 17,6 MJIpJ I0aHEN.
[TakeTt ObLT OBICTPO PAaCKYILIEH UHAWBUIY-
aJIbHBIMU MHBECTOPAMU U YaCTHBIMU KOMIIa-
HusMu. [TokymaTenu yTBepXoaaiu, 4YTo «aK-
IIMY TOCYIapCTBEHHOU KOMITaHUM Oojee
HalIeXHbl, YeM BKJaIbl B KOMMEPUYECKUX
0aHKax, a JOJATOCPOYHbBIC MTPOLIEHTHI IO XKe-
JIE3HOIOPOKHOMY KPEIUTY BBHILJISIAAT Oojiee
MPpUBJIEKATEIbHO MO CPaBHEHUIO C aHAJIOTHY -



HBIMU «(MHAHCOBBIMU MPOAYKTAMU» OaH-
KOB» [14] .

MecTHOE XeJIe3HOAOPOKHOE YIIpaBIeHUE
CVYAP gBuioch nepBbIM TTOApa3aeIeHUEM pe-
oprannzoBaHHoro M2K/I, kotTopoe cpa3sy craio
IPUBJIEKATh YaCTHBIX MHBECTOPOB B MH(pa-
CTPYKTYpHOE CTpOUTEeIbCTBO. COBMECTHOE
MPEATNPUSATHAE C YCTABHBIM KanmuTaaoM B 50 MTH
[0aHei ObITO 3aperucTprpoBaHo Byeszae Llarman
Cub6s, moJIoBUHA KOTOPOro cpopMupoBaHa
3a cueT yacTHbIX uHBecTulnii. B 2014 rony
nupekTop nenaprameHTa nHBectuuuii 'KPP
V Xyn 3asBu, yto npasutenbctBo KHP ycko-
PUT pa3pabOTKY MOJIOXEHUIN, CTUMYJIUPYIOIIMX
y4acTKe YACTHOTO KAITUTAJIA B PA3BUTHH XKeJIe3-
HomopoxkHoro TpaHcnopta Kuras. CornacHo
naHHbIM BeekuTaiickoro o01iiecTsa UccienoBa-
HMIA B 00JIaCTU YACTHOTO IPEIITPUHUMATEIIbCT-
Ba, B 2012 roay B cTpaHe «0OBEMbI YACTHOTO
Kanuraya npesbiany 60 TpiH oaHeit (9,49
TpsH nos. CIIIA), Bkirodas 35,2 TpiiH roaHek
($5,57 TpiTH M3 TMYHBIX CPEACTB HAa GAHKOBCKUX
JIETI03UTax U 25 TpJH toaHeii ($3,96 TpiH B Buae
aKTMBOB YaCTHBIX MPEANpUaTHii [15].

XKenaHue coydyacTBOBaTh B MHBECTULIUSIX,
HaIpaB/IsIeMbIX B IIEPBYIO 04epeb Ha (popcu-
POBaHHOE Pa3BUTHE BbICOKOCKOPOCTHBIX JKe-
JIE3HBIX JIOPOIL, €CTECTBEHHO [JI YaCTHOIO
KanuTaja, MyHUIUIIAJIbHBIX U PETMOHATbHBIX
cTpyKTYp. Bee BUAST, KAKOB pe3yJIbTaT CTPOU-
TeJIbCTBA U KaKOBa dKOHOMMYecKas 3(Ppdek-
TUBHOCTb (DMHAHCOBBIX BIIOXKEHMIA B OTPACIIb.

ITo o0111eit MPOTSKEHHOCTH IEHCTBYIOIINX
Kene3HbIx mopor (2014 . — 100 Teic. kM), Ku-
Tali 3aHUMaeT 2-€ MEeCTO B Mupe (YCTYIIas JTUIITh
CILA — 228,5 ThIC. KM). 3arpy>K€HHOCTb 3TOTO
BMJIa TPAHCIIOPTa — caMasl BbICOKasl Ha IJIaHe-
Te. 2KeIe3HOIOPOKHbBIN TPAaHCIOPT CTPAHbI
3aHMMaET IIEPBOE MECTO 10 00bEMY aCCaXKUP-
ckux nepeBo3ok (2013 . — 2,08 Map uesroBek),
BTOpPOE MECTO B MMpE I10 00beMy Ipy301epe-
BO30K (IIOTHOCTh MX BABOE IIPEBBILIAET POC-
cuiickyto (23,8) ¥ 3HAUUTEILHO BBIIIE YPOBHS
CIIA (16,1), Uuauu (15,5), crpan EBporibt
(3,7). Kenesnonopoxnas orpaciab KHP sBsi-
eTcs1 KpynHenmmM padorogateneM — B 2013 ro-
Iy YMCJIEHHOCTD IIepCOHAaJIa IOPOT COCTaBJIsLIa
OKOJIO 2 MJTH Y€JIOBEK.

B ycnoBusx, korma Kurtait akTMBHO ocy-
LLIECTBIISIET 2JICKTPU(UKALIMIO CYIIECTBYIOIIMX
MarucTpajieii ¥ IpUuHUMAET MEPhI ITO Hapali-
BaHuio momrHoctet 'BC u ADC, KOHKypeH-
TOCITOCOOHOCTBD KeJIe3HBIX JOPOT OYAET BO3pa-
cratb. CTOMMOCTb TPaHCIIOPTUPOBKH 1 T rpy3a

Ha paccTosiHue B 1 KM KeJIe3HOIOPOKHBIM
TpaHCIIOPTOM cToUT ceituac 0,13 1oaHs, Toraa
KaK Ta e IepeBo3Ka aBTOMOOUIISIMU OOXOIUT-
cg B 0,5 10aHs, a aBUALIMOHHBIM TPaHCITOP-
ToM — 6 10aHeit. M, HakoHell, TpaKThKa J0Ka-
3bIBACT, YTO MPOITYCKHAsI CTIOCOOHOCTD XKeJIe3-
HOJIOPOXHOM MarucTpaju INpu MEHbIIEH
IIMPUHE OTBOJA 3€MJIM 3HAYUTEIbHO BBIIIIE
TMPOBO3HOI CITOCOOHOCTU aBTOMOOUMJIbHOI
noporu. B Oymyniem 3HaueHue 3TUX (paKTOpOB
OymeT ompenessiTh HajbHelilee MOBBIIICHUE
KOHKYPEHTOCIIOCOOHOCTH XKeJIe3HOMOPOXKHOTO
tpancnopta KHP, cmoco6cTBOBaTEH €10 9KOHO-
MHYECKOMY Y TEXHUUYECKOMY ITPOTPeECCy.
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ABSTRACT

Dynamic and systematic economic and
technological growth of China’s economy at the
beginning of the XXI century largely predetermined
scale investments in transport infrastructure, primarily
in the construction of high-speed rail (HSR). Mobility
of population increases, travel time of cargo and
passengers reduces, mobility speed becomes record,
recently remote areas obtain access to the center part
of the country. The authors analyze and summarize
the current trends in transport market, assess existing
competitive advantages of HSR, financial problems
of existing programs and the reformist course that
China’s leadership provides for the modernization of
the railway complex.

ENGLISH SUMMARY

Background. The Chinese leadership considers
railway complex as a key life-support system of
economics. Dynamic economic growth in China at
the beginning of the XXI century was largely provided
by large-scale investments in railway infrastructure
development, thereby strengthening the integrity of the
country and its international influence. New high-speed
routes «compress> the vast area of China, transforming
the road network into a reliable, efficient and accessible
to the population. Construction of a railway complex
turned into a new strategic industry that stimulates
growth in related high-tech areas of economy.

Objective. The objective of the authors is to review
situation and current trends in development of high-
speed rail lines in China.

Methods. The authors use analysis, comparison
and descriptive method with elements of economic
assessments.

Results.

More available and faster

In the period of 2000-2013 more than 17 thousand
kilometers of new railways have been built and in
early 2014 their length exceeded 100 thousand
km, including 10,463 km of high-speed railways.
Rail network comprises six meridional and five
latitudinal lines. According to the «Plan of urbanization
development in China during the 2014-2020 period»,
total length of high-speed rail (HSR) in China in 2020
will exceed 20 thousand km, and the total length of
the lines of trains with speed of at least 160 km/h
will be 40 thousand kilometers. Conventional railway
will connect cities with population exceeding 200
thousand people, and HSR lines consisting of four lines
in the direction of «North-East» and four routes in the
direction of «East-West», will cover almost all cities in
China with population of 500 thousand and more, will
provide access to high-speed rail service for not less
than 90% of population. Construction of new lines will
cost $ 1 trillion yuan.

Growing HSR network will allow people to get from
Beijing to the vast majority of provincial capitals of
the country in less than 8 hours (Table 1), except for
Haikou, Nanning, Kunming, Urumqi and Lhasa, and
travel time between major cities should be reduced by
2 times. As a result passenger traffic will accelerate,
carrying capacity of railways will increase and the
problem of overburdening the largest railway junctions
in the period of mass travel of China’s residents will be
solved. In January 2014 the volume of passenger traffic

® MUP TPAHCNOPTA 04°14

in comparison with the previous year increased by 7,9%
and amounted to 257 million trips, while the number
of used trains increased by 157 pairs — to 2667 units.
Daily 5 thousand trains cruised in the country, carrying
about 6,8 million passengers per day.

Construction of high-speed lines significantly
increased mobility of the population of China. By the
beginning of 2014 the part of HSR passengers has
attained about 25% of total number of rail passengers.
Annual growth in passenger traffic on Beijing-Tianjin
line since its opening remains at the level of 20%,
Beijing-Shanghai — 40%, and that given the fact that
the intervals between the departure of the trains in
both directions are of 4-5 minutes. In 2013 about 100
million passengers used the services of the world’s
longest HSR line Beijing-Guangzhou. In addition, the
main line made tourist sites more accessible — after
its opening the number of tourists who visited Wuhan,
Changsha, Zhengzhou, Shijiazhuang and Beijing, has
increased by 20%.

Compromises of competitors

As HSR network grows, speed trains began to
compete with traditional regional airlines. According to
experts at the University of civil aviation of China, HSR
commissioning reduces the number of passengers on
the relevant direction by 30%.

After commencement of service of the line
Zhengzhou- Xi’an travel time between two cities
reduced from 6 to less than 2 hours, and regional
airlines had to cancel nearly all flights in Hubei Province.
And with the opening in 2012 of HSR mainline Beijing-
Wuhan some regional airlines have reduced the price
of tickets for travel on this route from one thousand
yuan ($ 160) to 200 yuan ($ 32). In 2013, HSR line
Beijing-Shenzhen came into operation, reducing travel
time between two cities to 8 hours instead of previously
spent 29 hours (hereinafter it will be extended to Hong
Kong).

Price for HSR ticket varies from 2727 to 540 yuan
depending on the class (for conventional trains —
from 257 to 720 yuan). Ticket for the 3-hour air flight
Beijing-Shenzhen operated by China Southern Airlines
with Airbus A380 costs 1750 yuan. As a result, in 2013
China’s leading companies announced reduction of
passenger fares: China Southern Airlines have made
discounts up to 73% and Air China has cut prices by
57% on a flight from Beijing to Wuhan. CEO of China
Eastern Airlines Shaoyun Liu believes that «in the near
future, HSR network of China will cover almost all
areas of the country that will have a direct and long-
term pressure on the 60% of China’s civil aviation
market» [1].

Strong competition between two modes of
transport in China forced their leadership to start
developing ways of cooperation and compromises
in the struggle for passengers. In 2013, Air China
signed a partnership agreement with the Shanghai
road administration of China Railway Corporation
(CRC), under which passengers when booking air
ticket at any of two Shanghai airports simultaneously
can buy tickets for HSR to travel between Shanghai
and four surrounding cities — Suzhou, Hangzhou,
Wuxi and Changzhou. In addition, Air China develops
possibility of connection of their international flights
with scheduled high-speed trains

Other Chinese aviation companies resort to
more drastic measures: China Eastern Airlines from



Table 1

ses

Travel time using HSR lines from Beijing to the largest cities in China

Beijing
1 hour 2 hours 3 hours 4 hours 5 hours 8 hours 9 hours
Tianjin Zhengzhou Nanjing Hangzhou Shanghai Guangzhou Hong Kong (2015)
Shijiazhuang Jinan Hefei Wuhan Harbin
Shenyang Changchun Xi'an
Taiyuan Dalian

2013 book and pay for HSR tickets for those airline
passengers who use its services, and fly from Shanghai
or Wuhan to neighboring cities, and increased the
number of trips within a scheme «air-HSR» between two
airports in Shanghai (Hongqiao and Pudong) and four
major cities — Suzhou, Wuxi, Changzhou and Ningbo.
Airline company Hainan Airlines in 2013 adjusted its
schedule of flights to schedule of high-speed trains in
the province of Hainan.

In modern conditions, in exchange of goods the
share oftrade of costly goods with short-cycle treatment
increases. In China for many years when transporting
goods with express delivery service the share of aviation
and automotive modes of transportation amounted to
95%, and the share of railways accounted for only 5%.
With rapid development of HSR network situation has
changed dramatically — the leading railway operator
China Railway Group in 2013 signed cooperation
agreements with major Chinese and foreign companies
of express delivery: SF Express, China Post, UPS, Pony
Express, DHL, TNT Express.

Scientific and technical progress

Today, Chinese state-owned corporations develop
independently new, more rapid trains for HSR. On the
3d of December 2010, during the pilot test of model
CRH-380A, which was held at the section Beijing-
Shanghai from Zaozhuang (Shandong) to Bengbu
(Anhui), maximum speed reached 486,1 km/h — a
new world speed record of trains. Previous record
(416,6 km/h) was registered on the 28" of September
of the same year during trial operation on HSR line
Shanghai-Hangzhou. In July 2012, the management
of CSR Corporation announced successful testing of
a train, capable of developing a speed of 500 km/h,
and in January 2013 a new experimental train set an
impressive record — 600 km/h [3].

Experts of Ministry of Railways (MR) pay attention
to the improvement and implementation of HSR
components and elements. When operating high-
speed trains there is increase in dynamic load on
the rail bed, braking distance, the centrifugal force
on the curves and aerodynamic drag. To solve these
problems, the Chinese designers increased axial
distance between rail tracks, made a higher radius of
curvature and alignment horizontally and vertically, a
higher edge of the rail. Moreover special rails, elastic
fasteners and larger cross-section of tunnels are
applied.

When conducting tests on express CRH380A at
speed of 400 km/h, such parameters as possible
derailment, degree of pressure reduction on axis wheel
and maximum lateral pressure on the wheels, were,
respectively: 0,13; 0,6 and 16 [4]. These indicators
are key indicators in determining the degree of safety
of a high-speed train, the smaller they are, the more
is security. International standards require figures 0,
8,0, 8and 48 [5].

The noise level in a car CRH380A while driving at
a speed above 300 km/h is just 61 dB, whereas in the
cabin of Boeing during takeoffitis 81 dB, andin the car
at a speed of 120 km/h it is usually close to 76 dB. As
for technical reliability, 146 high-speed trains CRH380A
produced by CSR Sifang company, constitutedin 2013,
50% of HSR rolling stock, and during operation on ten

different lines they set a record of a safe run with 160
million km covered.

During rail construction Chinese experts on
their own created a number of true innovations.
Section Golmud-Lhasa became the highest in the
world. 960 km long, it is located at a height of more
than 4 km above sea level. HSR lines often cross
water bodies deeper than 100 m and pass through
bridges-tunnels at an altitude of more than 80 m.
In 2014, the world’s highest mountain 9490-meter
long tunnel was built for line Lanzhou-Urumagqi at the
height of 4345 m.

China has already surpassed many countries, not
only in terms of design and laying of seamless rails, but
also mastered the technology to counter the effects
of temperature. Designed for traveling in cold regions
train type CRH380B (developed by CNR company
for HSR line Harbin-Dalian) can run at temperatures
of —40°C and +40°C (in winter speed is 200 km/h, in
summer itis 300 km/h).

In 2013, CSR Corporation completed testing high-
speed trains (200-250 km/h), which can be powered
from both catenary and batteries. Now they began to
be used in those areas of China, where the rail network
at some sections does not have catenary.

Changchun Railway Vehicle Co, Ltd unit of CNR
Corporation has created a prototype of hybrid speed
locomotive, using two to three power sources: electric,
diesel engine and batteries. They will be formed on the
principle of «two in one» or «three in one» depending
on the operating conditions and the state of the
railway bed. Trains are ready to move at the speed of
160-180 km/h, not only on major main lines, but also
on subsidiary spur tracks.

To a large extent innovative solutions in
development of rolling stock and construction of railway
bed for HSR have been achieved due to research and
technological development. At the beginning of 2014,
development of rolling stock and improvement of the
quality of network hardware involved 25 universities,
11 research centers, 51 research laboratories and
engineering centers [6]. In 2012 in Changchun (Jilin)
the largest Chinese center for R & D and production
of high-speed passenger trains (corporation SNR)
began its work. Center is able to produce annually 500
cars for ordinary passenger trains, 100 high-speed
express trains of new generation — model CRH380A,
800-1000 cars for HSR, 1200 cars for long-distance
express trains. In 2013, CSR has opened its first
research institute, whose task is not only to develop
new technologies for HSR, but determine economic
and industrial strategy of the corporation [7].

Multiplier effect

HSR emergence in China was at the same time a
technological breakthrough, and played a major role
in stimulating the economy and domestic demand.
According to calculations of economists on the basis of
input-output balances, every billion yuan invested in the
development of HSR, creates more than 20 thousand
new jobs in the rail industry and 2 times more jobs in
related industries. Analyst firm China Galaxy Securities
revealed that investing 700 billion yuan ($ 108,5 billion)
in railway construction can induce the demand for 30
million tons of steel and 140 million tons of cement.
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Chinese experts are unanimous in their assessment:
investments in rail infrastructure contribute to the
growth of China’s GDP by 2-3%.

Construction of railways contributes to dynamic
economic development of surrounding areas and
many industries associated with laying of a new line.
According to the experts of Ministry of Railways,
the world’s longest HSR line Beijing-Guangzhou will
annually increase the country’s GDP by 30 billion yuan.
This main line links five major economic zones, and
the expected increase in business activity in the 28
largest cities, located in the region, will provide, during
five years after the line’s opening, additional growth of
China’s GDP by 3-5%.

After commissioning in 2006, of the most remote
western 1956 km long Qinghai-Tibet railway GDP of
Tibetan Autonomous Region increased from 34,2
billion yuan to 80, 2 billion yuan in 2013. During this
period, the local tourism industry revenues rose
annually by about 25%, and the total number of
tourists visiting the region has increased from 1, 8
million to 12,9 million. In 2013, 330 thousand people
or 10% of the population of Tibet have worked in the
tourism industry. Thanks to the rapid development of
the regional economy the volume of export-import
operations in the territory under the jurisdiction of
autonomy exceeded $ 3 billion.

These examples to some extent reflect the
results of the specialization of China railway complex,
which on the one hand, shows the cardinal growth of
speed in accordance with the needs of passengers
(development of HSR network), and on the other
hand — growth of the carrying capacity of conventional
lines for mass freight transportation with a minimum
prime cost. In fact HSR development produces a
significant intra-industry multiplier effect.

According to an analysis conducted by CRC,
removal of one passenger train from a main line
with a mixed type of operation (creation of a special
dedicated railway for high-speed passenger traffic)
can improve carrying capacity of a main line by
1,5-2 cargo trains [9]. Growing share of rail freight
transportation in the total turnover of the country
reduces by 1% the prime cost of national logistics by
21,2 billion yuan [10].

With the opening of lines Jinan-Qingdao, Wuhan-
Guangzhou and Shanghai-Nanjing freight turnover on
existing freight railways increased by 200 million tons
per year. In particular at the section Shanghai-Nanjing
of an old spur track Shanghai- Beijing, it amounted
to more than 230 tons per day. According to MR,
after opening in 2010 of HSR line Beijing-Shanghai
carrying capacity of freight main lines in this direction
increased by 140 thousand tons daily, or 50 million
tons per year.

Creation of the world’s largest HSR network
costed an astronomical sum — more than 2,5 trillion
yuan, most of which was formed through loans
and credits with the participation of central banks.
According to analysts of the Chinese Minsheng Bank,
the ratio of debt to the value of fixed assets of MR
couldrise to 70% if the ministry will continue to rely on
state bank loans and the issue of its securities while
continuing to expand the network of conventional and
high-speed railways.

Directions for reform

Huge financial debt of MR and the need to
find additional sources of financing of industry’s
development forced the country’s leadership
to reform railway monopoly. Prerequisites for a
course change appeared in 2012, when experts
acknowledged that the role of the Ministry should
be to create the most favorable environment for the
development of competition and entrepreneurship
while using for these purposes mainly indirect
forms and methods of state regulation. Railway
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management units should become main economic
entities, and the state will be responsible only for
overall management of the industry, investment funds
for important national programs and projects in the
field of railway transport.

Fundamental reform of MR started after 18th
Congress of the Communist Party of China and the
third plenum of the Central Committee of Communist
Party of China of the 18th Legislature (November
2013), which embarked on comprehensive reforms in
the sphere of public enterprises, because «they have
low efficiency and get excessive public preferences»
[12]. China’s leadership started market-oriented
reforms of state corporations to continue to dismantle
their monopoly position and to achieve the promotion
of competition. The resolution of the plenum noted
that within natural monopolies functions of state
authority and management practices should be
separated. Private capital will be able to participate
in investment projects together with the state and
thereby make the transition to an economic model
based on the right of mixed ownership.

A plan to restructure MR was approved, which
consisted of dividing the functions of government
and economic activities of Chinese railways and
simultaneous separation of competitive activities from
monopolistic structure of the Ministry. Administrative
and commercial units appeared, namely State
Railroad Administration (SRA) and already mentioned
Chinese Railway Corporation (CRC). The task of SRA
is to ensure compliance with technical standards,
monitoring of railway safety, quality assessment of
infrastructure construction. Ministry of Transport of
China and SRA assumed control over the activities
of CRC. Corporation is charged with operational
activities instead of reorganized MR, determining
the level of railway tariffs, and ensuring employment
of 2 million industrial workers. The Government
undertakes to finance the construction of railways,
provide CRC with subsidies within three years after
the start of the reform, and stimulate investments in
the sector.

CRC should cooperate with all stakeholders in
order to maximize profits from the assets transferred
to it and gradually reduce the amount of debt of the
former MR. Corporation is an enterprise based solely
on the state capital. Ministry of Finances of China,
authorized by the State Council, will act as an investor
to monitor the level of debt, to monitor the quality and
issuing volumes of securities by CRC.

Subsequently, 18 railway administrations will
be transformed into seven regional corporations:
Northeast, East, Central, South West, North West, as
well as of Beijing and Tianjin. Current Sian Corporation
can turn into an independent corporation or enter as
a component part in the North-Western Corporation
headquartered in Lanzhou (Gansu). Several key HSR
lines can enter into new corporations as independent
agents — for example, Beijing-Hong Kong line.

For many years, the low cost of passenger tickets
and losses within this business segment have been
mainly offset by income from freight transportation.
Since 20083 the Ministry raised freight rates nine times,
and the last increase in March 2013 has recorded
their level of 0, 13 yuan per ton / km. Chinese analysts
believe that if the government refuses to restructure
the debt of the former MR, then the new corporation
will have no other choice but to increase the cost of rail
fares. According to the professor of Beijing University of
Transport Zhao Jian, «CRC today, being a commercial
entity, is unlikely to put up with a losses» [13].

On the 15 of June 2013 CRC started the second
stage of reforming the industry to reduce the overall
costs of rail freight transportation. To arrange a
competitive market and better meet the needs
of China’s economy commercial infrastructure of



rail freight market is formed, which should be an
effective mechanism for providing services, as well
as easy access for interested companies to market,
and stimulating the development of competition.
For further development of competition and gradual
termination of cross-subsidization of freight and
passenger transport since February 2014 freight
rates were increased by 0,03 yuan per ton / km.
According to analysts, this increase will have an
impact on the economy especially on coal and steel
industries regarding haulage of their products over
long distances. As for the railway corporation, then
by virtue of new tariffs, its revenues will increase by
40 billion yuan annually.

Long-term investments

In order to further develop the railway network
CRC expects to attract additional sources of financing
with help of Railway Development Fund (RDF) and
by increased cooperation with National Investment
Fund of China (NIFC). Distinctive feature of NIFC
is the ability to obtain a budgetary financing for
infrastructure construction projects under certain
conditions, including project’s compliance with
strategic sectoral government programs.

RDF could play a role of an investment
platform, open to private capital and funds of
local governments. It is expected that the share of
government participation in financial assets of funds
may be equal to 50%, that of CRC of 40%, and 10%
will remain for other participants, as new rail lines
stimulate economic development at the regional level
and create new jobs.

By the decision of the 28" of March 2012 on the
establishment of the zone of financial reform in the
city (Zhejiang) China’s State Council has given local
municipality the right to attract private investment
for the development of urban infrastructure. The
first step of local authorities was the sale of 50%

stock of shares in state railway under construction,
52,22 km long and valued at 17,6 billion yuan. The
package was quickly sold out to individual investors
and private companies. Buyers stated that «public
company shares are more reliable than the deposits
incommercial banks, and long-term interest rates on
rail loan look more attractive in comparison with the
same «financial products» of banks» [14].

Desire to participate in investments aimed at
accelerated development of high-speed railways,
is natural for private capital, municipal and regional
structures. Everyone can see result of construction
and economic efficiency of investments in the sector.

Conclusions. With total length of operated railways
(100 thousand km in 2014), China ranks second in the
world (after the United States with 228, 5 thousand km).
Load of this mode of transport is the highest on the
planet. Rail transport of the country ranks first in terms
of passenger traffic (in 2013-2,08 billion), second in
the world in terms of cargo (their density is twice as
Russian (23,8) and is significantly more than levels
ofthe U.S. (16,1), India (15,5), Europe (3,7). Railway
sector in China is the largest employer — in 2013 the
number of employees was about 2 million people.

If China actively implements electrification
of existing lines and takes measures to increase
capacity of hydro and nuclear power stations,
the competitiveness of railways will increase.
Transportation cost of one ton of cargo to a distance
of 1 km by rail costs now 0, 13 yuan, whereas the same
transportation by car costs 0,5 yuan, and 6 yuan by
air transport. Finally, the practice shows that traffic
capacity of the railway which needs less land acquisition
is much higher than traffic capacity of a road. In the
future, the importance of those factors will determine
the further enhancement of the competitiveness of
rail transport of China and its role in promotion of its
economic and technical progress.

Keywords: rail transport, China, reform, high-speed trains, high speed rail, investments, economy, competition.
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MynbTUMOpanbHasa CeTb
Ka3axcTaHa: npoekTupoBaHue
3TanHoOro pa3BuUTuUS

Kenxnceo Tayxap 2Kymaweena — xanoudam

rayxap KEH)KEBAEBA
GaukharZ.KENZHEBAYEVA

AKTyanbHOCTb nNpo6siemM B3anmMoaeiicTens
JKeJs1e3HO[0POXHOIro Y MOPCKOIro
TpaHCropTa cBsi3aHa rnpexae BCero

C PbIHOYHOV CPeAoi 3KOHOMUKU,
KOHKYPEHTHOI 60pb00ii, TapUpHO
MOJINTUKON, NUHBECTULMOHHBIMU
pecypcamu. B ycnosusix KazaxcraHa

pu HaJIMYUN TOProBoro MOPCKOro rnopra
AKTay n AByX poxoAsiLLMX M0 TEPPUTOPUN
CTpaHbI MeXXAYHapPOAHbIX TPAHCMOPTHBIX
KOpUAO0POB NPUHLNILI MYJILTUMOAAJTbHOCTU
npuooépeTarT 0CobbIVi CMbICIT

Y peanm3yroTcs C MOMOLLbIO JIOTUCTUYECKNX
pecypcoB u pa3paboTku MeTof0B
MPOEKTUPOBaHNSI KOMIT/IEKCHOIO 3TarnHoro
Ppa3BUTUS MyJIbTUMOLAAJIbHON CeTU, B TOM
yucrie 3a cyetT popMmUpoBaHUs obnactn

3¢ PEeKTUBHBIX anbTEePHATUB NMPU U3MEHEeHUN
0061MKa M MOLLYHOCTU AeVCTBYIOLLIeV
cucremsbi. ABTOpbl 0G0CHOBBIBAIOT TPU
aTana, cTparernyeckv BaXKHbiX AJ1s1
3KOHOMU KU PErNOHOB 1 Pecryosimkn

B LjeJIoOM.

KntoyeBsle crioBa: MybTuMonasibHast
TPaHCNOPTHAs CUCTEMA, Xeslie3Has 0Pora,
MOPCKOW MOPT, TPAHCMOPTHO-I0MCTUYECKUI
LIEHTP, 9KOHOMMKA, KOHKYPEHLNST, TEXHUKO-
BKOHOMMYECKME riokasaresiv, 06/1acTb

3P PEKTUBHbIX aJIbTEPHATUB, 3TArNHOE Pa3BUTHE.
|
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«Opeanusayus nepeo3ox, 0BUNCEHUS U FIKCNAYAMAYU
mparncnopma» Kasaxckoi akademuu mpancnopma

u kommyHukayuti um. M. Toinviuunaesa, Aimamel,
Kazaxcman.

baoambaesa Caamanam Epeazueena — cmapuiuii
npenodasamensv Kasaxckoi akademuu mpancnopma

u kommyHukayuii um. M. Toinviuunaesa, Anmamel,
Kaszaxcman.

OBEPIIEHCTBOBAHKE Y Pa3BUTHE TPaH-
CMOPTHOM MH(PPACTPYKTYPhI JTIOOOTO
rocymapctBa JOJKHO MPOXOAUTh

B TECHOI B3aMMOCBSI3U C KJIIOUeBbIMU HaIlpaB-

JIECHUSIMM TIEPEBO3KM I'PY30B B MEXIYHAPOI-

HOM coobiieHuu. [IpryeM B CETOMHSIIIIHUX

YCJIOBUSIX TIEPE/I CYObEeKTaMU PhIHKA HEU30eXK -

HO BCTaeT BONPOC O KOMIUIEKCHOM TOIXOJIe

TPY BEIOOPE ONTUMAJIBHOM TEXHOJIOTUIECKOM

CXEMBI IOCTaBKM I'Py30B C yJacTHEM pa3ind-

HBIX BUIOB TpaHCIIOpTA.

Bo3bmeM kacnuiickuii mopt AKTay, KOTO-
phlit ceituac cran B Pecnybnuke Kazaxcran
BaXKHBIM 3B€HOM B 1IETI1 [TOCTABOK IPY30B IBYX
MEXIYHapOIHBIX TPAHCTIOPTHBIX KOPHIO-
poB — «CeBep—IlOr» u «TPACEKA». AkTtay
HMMeeT BBITOJTHOE IeONMOTUTUIECKOE MOJIOXKEe-
HUeE, SIBJIIETCS €MMHCTBEHHBIM KOHKYPEHTO-
CITOCOOHBIM TOPTOBBIM MOPTOM CTpPaHBbI
1 paboTaeT 1Mo MEeXIyHapOAHBIM CTaHAapTaM
yIpaBJaeHUSI, OTBEUYAIOIIMM TPeOOBaAHUSIM
0e301acCHOCTY MOpeTIaBaHUs U 00CTyXK1Ba-
HUSI CYJIOB, OH K€ OCTaeTCs eIMHCTBEHHBIM
ITyHKTOM CTBIKOB MOPCKOT'O M MAarCTPaJbHO-
IO >KeJIe3HOIOPOKHOTO TpaHcIopTa (puc. 1).
HasBanHoe rpenonpeesisieT HeOOX0IMMOCTh
CO3aHUsI TPAHCIIOPTHO-JIOTUCTUYECKOTO
LieHTpa Ha 0a3e rmopTa AKTay, IJie MOTYT ObITh



Puc. 1. CoBpeMeHHbIii MHOrouesneBov tepmunan P «<AMMTI» (Pecny6nukaHckoe rocyfapcTBeHHoe
npeanpusaTune «AKTayCKkuii MeXayHapOoAHbIi MOPCKOV TOProBbIi MopT»).

COCPEIOTOYCHBI aIMUHUCTPATUBHbBIE, TPaH-
CIIOPTHBIE, (PMHAHCOBO-TIPaBOBbIC U UH(DOP-
MaILIMOHHBIE CTPYKTYPHI.

B aT10i1 cBsSI3M BO3pacTaeT poJib MPOSKTHU-
pOBaHMSI KOMITJIEKCHOTO U IO3TAITHOrO pa3-
BUTHUSI MYJbTUMOIAJIbHOM TPaHCIIOPTHOM
cetu (MTC) B Kazaxcrane. [1pakTuka rnoka-
3bIBAET, YTO 3HAUMUTEIbHBIC MIOTEPU BPEMEHU
U CPEJICTB B MECTAaX CTHIKOBAHUSI HECKOJBKHUX
BM/IOB TPAHCIIOPTA BbI3BaHbI HEIOCTATOYHBIM
TEXHOJIOTUYECKUM U MH(MOPMAIMOHHBIM
B3aMMOJICHCTBUEM MEXIY HUMU.

Boubiioe 3HaYeHKE TPUOOPETACT ITPOrHO-
3UpPOBaHKE I'PY30IIOTOKOB Ha MOIXOAAX K IOp-
TaM. HyXHBI 10CTaTOYHO TOYHBIE METOJbI
OLIEHKM CUTYallMX Ha pa3IMYHbIX BDEMEHHbBIX
TOPU3OHTAJISIX, TTO3BOJISIONIME Peali30BaTh
MPUHIIUIIBI CKOJIB3SIIETO TTPOrHO3UPOBAHMS
M CITOCOOBI €r0 COBEPIIEHCTBOBaHMs. BHIMa-
HUE K 2TOM CTOpOHE Jiejia MOHSITHO: 13-3a
HECOBEPILICHCTBA METOAOB MPEABUICHUS
BO3HUKAIOT HEOIpaBAaHHbIC MPOCTOM Baro-
HOB U CYJIOB, a pa3Hble CUCTEMbI CTAHIaPTOB
MPUBOIAT K U3JIUIITHEMY KOJIMYECTBY OyMak-
HBIX JIOKYMEHTOB, JIJIUTEJIbHBIM IPOLIEIypam
0o(OpMIICHUST ITEPEBO30K, UTO BEIET K CHIKE-
HUIO KOHKYPEHTOCITOCOOHOCTH KaK JKeJIe3HO-
JIOPOXKHOTO, TAK U MOPCKOI'O TPaHCIIOPTa.
CKa3bIBaloOTCs M OTpaHMYEHHbIE POSKTHBIMU
paMKaMM eMKOCTb M YPOBEHb OCHAILIEHHOCTH

MOPCKHX I'PY30BbIX TEPMUHAJIOB — 3[IECh TOXE
npsiMas CBsI3b ¢ 3(PGEKTUBHOCTHIO PabOThHI
JKEJIe3HBIX IOPOT, X MOOMJIBHOCTBIO U TOTOB-
HOCTBIO K KOOIIepalliH.

C yueToM 0003HaUEHHBIX (DAKTOPOB BHIOOP
MeTOJI0B (DOPMUPOBAHUS ONTUMAJILHOM CXe-
MbI 3TAITHOTO Pa3BUTHS MYJIbTMMOAAIbHBIX
TPAHCIIOPTHBIX CUCTEM IPEICTABIISICTCS 3a/1a-
4yeil MeTofoJornyecku Herpoctoi. [pemio-
xkeHHasa B [2,3] knaccudpukauus MTC kak
COBOKYITHOCTHU MEXIYHAPOIHBIX TPAHCITOP-
THhIX KopunopoB (MTK) Bcex ypoBHeit ne-
papxuii u pa3HOro Ha3zHadyeHus (puc. 2)
MOATBEPKIACT ITPEKIIE BCEI0 9KOHOMUUECKYIO
11€JIeCO00Pa3HOCTh M CTPATErMYECKyIO Ha-
MPaBJeHHOCTb ITPOEKTUPOBAHUSI B 3TOI 00-
JIACTH.

KoMmrieKcHbIM aHaIM3 MaTepUalioB CTpa-
TErMy PErMOHAbHOTO COIMATbHO-3KOHOMM-
4YecKoro pocta [4] u pe3yabTaToB UcclieaoBa-
HUIi B pabotax [5,6] mokasanu, yto Gopmu-
pOBaHUE CMHXPOHHOI'O 3TAITHOTO Pa3BUTUSI
KOMMYHUKAIIWIA JJ1s1 BCeX BUJOB TPaHCIIOPTa
JIOJIKHO pacCMaTPUBAThCS B KOHTEKCTE UACH
MYJIBTUMOJAJIbHOCTH, TTO3BOJISIIOIIMUX YIECTh
cneluUKy perMOHOB U OCOOEHHOCTHU MX
BJIMSIHUSI HA 9KOHOMMKY CTPaHBbI.

MTK npeacraBiasitoT co00il yBSI3aHHYIO
B MPOCTPAHCTBE MYJBTUMOIAIbHBIMU TPaH-
cnopTHbIMU y3i1aMu (MTY) nocnenoBareib-
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Puc. 2. Mukpockonuyeckoe npegcrtasneHne MTC.

HOCTb MYJBTMMOIAJIbHBIX TPAHCIIOPTHBIX
3BeHbeB (MT3) pa3HbIX BUAOB TpaHCHOpTa,
0o0ecIeuyrBaloIIMX JOCTaBKy IPy30B J1000
HOMEHKJIATYphl OT IOCTaBIIUKOB JI0 TIOTPE-
ouTesen.

MTY — cinoxHas TeXHUKO-2KOHOMUYE-
cKasl cucTeMa, COCTOsIINasi U3 2JIEMEHTOB
pa3HbIX BUIOB TPaHCIIOpTa U 00ecTieunBalo-
mas 3pHeKTUBHOE UX B3aMMOJICHCTBUE.

MT3 — TeXHUKO-9KOHOMUYECKasi CUCTEe-
Ma, MpeacTaBleHHas 3JIeMEHTaMU OJHOTO
M3 BUIOB TPAHCIIOPTa, yY4aCTBYIOIIETo B pabo-
Te MTK.

YuuteiBasi crielMbUKy U3MEHEHUST TTPOT-
HO3UPYEeMbIX 00bEMOB IIEPEBO30K B YCIOBUSIX
PBIHOYHOI 9KOHOMMKHM U CBSI3aHHBIE C 3TUM
0COOEHHOCTH Pa3BUTHS JIEMEHTOB €IMHOIO
TPaHCTIOPTHO-JIOTUCTUYECKOTO olepaTopa
Ka3zaxcraHa, npenjaraem ero AeKOMITO3UIIUIO
MPEeACTaBUTh B MePaApXUIECKOM MOPSIKE,
OTBEYAIOIIEM CXeMe pucC. 2:

1) MexXayHapoaHbIe MYJBTUMOIabHbIE
TpaHcnopTHbie Kopunopbl (MMTK) u o6cy-
KuBawouie ux y3iabsl (MMTY) — 3a HUMuU
opraHu3alus KOHTEWHEPHBIX MePEeBO30K
M3 CTpaH A3uaTcko-TMXOOKeaHCKOTro pernoHa
B EBpony, uepe3 KazaxcraH;

2) MEXpeTMOHaIbHbIE MYJIBTUMOAAIbHBIC
TpaHcnopTHbIe Kopuaopbl (MPMTK) u y3ibl
(MPMTY) — oHU OCYLIECTBISIIOT IPYy30BbIe
M TIaCCaXKMPCKUE MePeBO3KU BHYTPU CTPAHBbI;
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3) peruoHaJibHble MYJbTUMOAJbHBIE
TpaHcropTHbie Kopuaopbl (PMTK) u y3ibl
(PMTY) — ux 3amaua obecrnieumBaTh IepeBo3-
KU I'PY30B Y TACCaXXMPOB MEXJIy perMOHaMu
pecrnyOauKu.

Jnst co3gaHusi METOMOJOTUU PEeIIeHUs
npo0dJjeMbl hopMupoBaHus 00JacTu 3hheK-
THUBHBIX aJbTepHATUB (CTpATETHii) STAITHOTO
pasButusi MTC Ha OJU3KYIO0 U OTIAJIEHHYIO
MEePCIIEKTUBY CJIEAYET UMETh:

1) KOHIIEMINIO MPOSKTUPOBAHUS KOM-
IIeKCHoro atanHoro pa3sutus MTC u ee
3JIEMEHTOB;

2) cucteMy MHMOPMaILIMOHHOIO obecrie-
YeHUs TPOEKTUPOBAHUS ATAITHOTO Pa3BUTHSI
MTC ¢ yueToM U3MeHeHHUs 00JIMKa U MOIITHO-
CTH €€ 2JICMEHTOB;

3) METOIUKY U aHAJIUTUYECKU I OJI0K NP -
HSTHUSI PEIIeHUI MO M3MEHEHMIO 00JIMKa
u MoiHocTu MTC npu HaaUMYUKM PUCKOB
Y HEOIpeIeJICHHOCTH;

4) MeToauKy (GopMUpPOBaHUS obracmu
aggpexmusnvix anomepnamus (0IA) nsmeHe-
HUs obauka u mouHoctTu MTC ¢ yyeTom
HEeOITpeIeICHHOCTHU ITPOTHO30B B IOTPEOHBIX
00beMax MepeBO30K.

Kak M3BecTHO, U3MEHEHUE CTPYKTYPHO-
napaMmeTpuueckoro npeacrapieHus MTY,
CBsI3aHHBIX ¢ asieMeHTaMu MMTK u camoii
MYJIBTUMOJIAJIbHOM TPAHCIOPTHOM CEThIO,
SIBJISIETCSI MHOTOKPUTEPUATIBHO 1 MHOTOBA -
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Puc. 3. Mukpockonnyeckoe cucteMHoe npeactassieHne MTY.

pUaHTHO 3amaveil. [l ee pelieHus Ha Hbl-
HEITHEM 2Tarie 9KOHOMUYECKOTO Pa3BUTUS
Pecny6nuku Kazaxcran TpeOyercss HaydYHO
000CHOBaHHOE TJIAHUPOBAHUE U pacIIpesie-
JIEeHUE OTPAaHUYEHHOTO 00beMa MHBECTUII -
OHHBIX pecypcoB. HyxxHa meTonosiorus, 6a-
3UPYIOIIAsICS HA TIEPEeTOBbIX MH(MOPMALIMOH-
HBIX TEXHOJIOTUSIX, METOAAX MOJIEJTUPOBAHUST
U COBPEMEHHBIX MPUHIUIAX pa3paboTKu
aJbTepHATUB (BApUAHTOB) MHBECTUIIMOHHBIX
TPOEKTOB.

Ectb Hemasio uccnenoBaHuii (B 4acTHO-
ctu, O. B. benoro, H. B. I1paBouna, B. U. Ta-
naxoBa, B. 5. Herpes, B. H. JIuBimia u 1p.),
B KOTOPBIX MOJYEPKUBACTCS U HATJISITHO
JIEMOHCTPUPYETCS Upe3BbIUaiiHAsK CIOXKHOCTh
3a1a4 JAHHOTO KJjlacca U MpeasiarailoTcs co-
OTBETCTBYIOIINE MOAXO/bI, METOIBI U METO-
JIUKW, TTO3BOJISTIONINE PEIIATh C TOMyCTUMOM
TOYHOCTHIO TIOCTaBJIEHHbIE 3a/1auu ST OT-
JIEJTbHBIX BUAOB TpaHcmopTa. OMHAKO B HUX
HEJ0CTaTOUYHO 3aTPOHYTHI BOTIPOCKHI MOJIETN -
pPOBaHMUSI COTJIACOBAHHOTO 1 COATAHCUPOBAH-
HOTO Pa3BUTHST HECKOJIBKUX BUIOB TPAHCTIOP-
Ta B MYJITUMOJAJIBHBIX y3JIaX, KOTOPbIE Clie-
JIyeT yYUTHIBATh TPU U3MEHEHUU UX CTPYKTY-
pBl M MOUIHOCTU B CYIIECTBYIOIIUX
9KOHOMUYECKUX YCIOBUSIX.

Heob6xonumo pa3zpabotaTh KOHLEMLINAIO
paszsutust MTC, mpencTaBisgionymo cobdoi
cTparervio AeMCTBUM MO yrpaBieHUIo (op-
MUpOBaHUEeM 0071acTH 9((PEKTUBHBIX AJTBTEP-
HaTUB, KOTOpas MpeArnojaraeT SKOHOMUYe -
CKOe 000CHOBaHUE TOTOBSIIIIUXCSI U3BMEHEHU,
WHXEHEPHYIO TTOJATOTOBKY MPOU3BOACTBA
(UTIIT), a BMecTe C HUMU U MOHUTOPUHT
00BEMOB MEePEBO30K U TEXHUKO-IKOHOMUYE-
ckux nokaszareneit (TOIT) paboTsl cucTeMsbl,
texHmdeckoro coctossHus (TC) ee ameMeHTOB
(puc. 3).

TexHoyioTusI TIPOBEACHUSI MOHUTOPUHTA
JIOJIKHA TIPelyCMaTpUBaTh CO3aHNE EIMHOTO
MH(OPMAIIMOHHOTO TIPOCTPAHCTBA IS TIOI -
JIEPKKY TIPUHSTUS PEIISHUI TPU U3MEHEHUM
obmuka u mottHoctu MTC. B pexxume peaib-
HOTO BpeMeHU (hOPMUPYIOTCS JIEKTPOHHbBIE
MacropTa BCeX 2JIEMEHTOB CUCTeMbl. OTIBIT UX
BHEIPEHUS HAKOTUIEH Ha KeJIe3HOI0POKHOM
tpaHcnopte P® [5,6] u MOXeT MPUMEHSATHCS
JUTST TIOOBIX TPAHCTIOPTHBIX CUCTEM U UX 00B-
€KTOB.

OnHUM U3 pe3yJIbTaTOB MHXEHEPHOU MO~
TOTOBKU SIBJISIETCSI TIOJTyYeHUE MCXOIHOTO
MHOECTBA aTbTePHATUB U3MEHEHUS 00JINKa
u MoiHoct MTC u BblIeneHne U3 Hero ux
¢ deKTUBHOI 00acT (puc. 3).
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Puc. 4. Bnok-cxeMa MH)XeHepPHOU NoaroToBKy NPOU3BOACTBa AJ1S1 CO34aHNs UCXO[HOV 6a3bl popMupoBaHus
O3A aranHoro pa3sutuns MTC.

IMon anbrepHaTHBOI (BapMAaHTOM) U3ME-
HeHUs obmmka n MomHoctn MTC ciemyet
TOHUMATh COBOKYITHOCTb 2JIEMEHTOB CUCTEMBI
U MMapaMeTPOB C yYETOM UX TEXHUYECKOTO
COCTOSIHMSI HA MOMEHT MIPUHSTUS PELIEHU,
MEPOIPUSATHAN IO IMKBAJALINU BBISIBICHHBIX
«y3KUX» MECT B paboTe 2JIEMEHTOB CUCTEMBI,
UCMHOJb3YEMbBIX TEXHOJIOTUN, CIIOCOOOB
U CPENCTB UX B3aUMOMAEUCTBUS, MO3BOJISIO-
IIYI0 peaqn30BaTh OMpPENeIeHHBI 00beM
MEePEeBO30K B paCYETHBIE CPOKH [7].

Pemrenue mpo6sieMbl (hOpMUPOBAHUS UC-
XOTHOTO MHOKeCTBa 1 0071acTh 3(h(PeKTUBHBIX
AJIBTEPHATUB YCIIOXHSIETCS MOTPEOHOCTHIO
PacCMOTPETh 3TU MHOXKECTBa IS PA3TUYHBIX
CTpaTeruii U CLIEHAPUEB PA3BUTUS SKOHOMU-
KU PETMOHOB U CTpaHbI B 1esioM. [Ipu aTom
KAXIbI CLieHAapUil PyKOBOACTBYETCS IOJIY-
YEHHOU B X016 MOHUTOPUHTA OLIEHKOM CylLlIe-
CTBYIOLIUX U MPOTHO3UPYEMBIX 0OBEMOB TIe-
peBo30K. [ToTpebHas TpoBo3Has (Tepepada-
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ThIBatomas) crmocodbnocts MTC (MTK,
MTY) — Ii(t), saBnssich ajs ClieHApHOTO Ba-
puaHTa GUKCUPOBAHHOM O TOJAM PacYeTHO-
TO MEePUOIA, ONPEIEIISIET PACUETHBIN CIIydai.
B ero mpenenax (pukcupyercst cBoe MHOXKECT-
BO anbTepHaTUB (0a30Basi OCHOBA) IJIST TIPU-
HATUS pEelIeHUl 00 M3MeHeHUu obinka
un morHoctu MTC.

Takum 06pazom, B 3aBUCUMOCTH OT KOJTUYE-
CTBa pacCMaTPUBAEMBbIX CTPATETHI 1 CIIEHAPU-
€B TIOJTy4aeM MHOKECTBO PACUETHBIX CITy4aeB,
B Tpefiesiax KakIoro U3 KOTOPBIX MOXKET ObITh
HazBaHa nckomast ODA. CoOTBETCTBEHHO CTPO-
UM ¥ KOHIeTuio (hopMUpOBaHUST 00JIaCTH
3(heKTUBHBIX aATBTEPHATUB TPUMEHUTEIBHO
Kk nepcrekTrBaM pazputust MTC (MTK, MTY),
a 10 CYyTU — CTPATeruio ACUCTBUIA JINLA, TIPU-
HuMamwlIiero pemenus. KoHuenuus nmeer
B BUIY TpU 00s13aTeTbHBIX Tarla.

IlepBsiii 3Tan perycMaTpUBaeT MTPOBE/IE-
HUE MOHUTOPUHTA:



— 00BEMOB PabOTHI UCCIEAYEMOI TEXHU-
KO-3KOHOMMYECKOI CUCTEMBI WJIU €€ JIeMEH -
TOB C IIPOTHO30M MX M3MEHEHUS Ha OJImKaii-
LIy TIePCIEKTUBY B Mpeaeiax TPaH3UTHOTO
U1 MECTHOTO paiioHa TATOTEHUS K IIPOEKTUPY-
eMOMY OO0BEKTY (MTOTOM 3[eCh OYAET Pe3yib-
TaT TOCTPOEHUST 3aBUCUMOCTU MOTPeOHOM
MMPOBO3HOM criocooHocTy [T1(t) I mpuHM-
MaeMbIX K pa3pabOTKe pacUeTHBIX CyJaeB);

— TeXHUKO-3KOHOMUYECKUX MOKa3aTeaeit
pabotsl cymecTBytomeit MTC u ee anemeH-
TOB, a TAKXe MPUYMH, BIMSIIONINX Ha OTKA3bl
1 YPOBEHb MOIIHOCTU MYJbTUMOIATbHOMN
CHUCTEMBI;

— TEXHUYECKOTO COCTOSIHUS 3JIEMEHTOB
CHCTEMBbI C YCTAHOBJIEHUEM «y3KUX» MECT,
OKa3bIBAIOIIMX BIAMSHUE Ha peaanu3aluio
MolinHocTu napamerpoB MTC (MTK, MTY,
MT3).

Ha ocHoBe MOHUTOPHHTa MOXKHO OITpeIe-
JIUTh YPOBEHb MOIIIHOCTH CYIIECTBYIOIIEH
MTC u ee 251eMEeHTOB, KOTOPbIi1 BhIpaXkaeTcs
yepe3 BO3MOXKHYIO ITPOBO3HYIO CIIOCOOHOCTh
cucTtemsbl IB(t), Ipy 3TOM OHa MOJXKHA OBITh
oIpezesieHa 1Mo BCEM JIEMEHTaM U BCEl CH-
CcTeMe B 1ICJIOM.

Peanuzanus nepBoro 3Tana KOHUEMIIUMU
MTO3BOJISIET IMOJYIUTh UCXOIHYI0 MH(pOpMaIIm-
OHHYIO 0a3y ISl IPOBEACHUS IMOCIEAYIOIINX
NEeMCTBUMA.

Bropoii aTan HarmpaB/ieH Ha peaau3aluio
comnocTtaBuTeabHOro aHanusa Ii(t) u IB(t),
“Mes B BUIy YCTAaHOBJICHHME CPOKOB McUepIia-
HUs TexHuueckoro pecypca MTC u ee ane-
MEHTOB, Ha3HaUEHUE MEPOTIPUSTUM, TOAIEP-
KHUBAIOIIMX PAOOTOCIIOCOOHOCTb CUCTEMBI.
IIpu Im(t) < IB(t) BO3BMOXHO yay4llIaTh €e
TEXHUKO-3KOHOMHUYECKHUE ITOKA3aTe/IM 3a CUET
MOJEpHU3AIIMKU, PEMOHTOB, HE TPEOYIOIINX
OonpIIMX MHBeCTUIIMH, a mpu I1(t) >IB(t)
3a CUET MPOBENCHUS PEKOHCTPYKTUBHBIX Me-
POIPUSATUI — 3TAITHO HapalllBaTh MOIITHOCTh
MTC.

Pemenue nomo6HOI 3a1a4u IpeaycMaTpy-
BAE€T COOTBETCTBYIOIIMI MHCTPYMEHTApUM,
KOTOPBI TTO3BOJIMII ObI peain30BaTh IPolie-
nypy GopMUPOBaHUST ONTUMAIBHOI alBTep-
HaTUBHI (CXEMBbI, CTPATETMH) 3TAITHOTO U3Me-
HeHMs 0011Ka 1 MottHoct MTC.

YCToluMBEIT BO BpeMEHM MPOTHO3 I0-
TpeOHOI MpoBO3HOI cnocodHocTu IT(t)
OIIpEaEIsIeT PaCUECTHBIN Cay4dail, B IIpeaeaax
KOTOPOTO Ha OCHOBE pa3pabOTaHHOI METO-
MUKW HAXOIUTCS ONTUMAaJIbHAsI albTepHATH -

Ba TIpeAIiojaraBIIMMcCsl Ha 3Tare pe3yJibTa-
Tam.

Jluna, mpuHUMaroIIe peleHnus Ha JaH-
HOM dTale BBIMOJHEHUS 3alauM, MPOBOMISIT
aHaJIM3 ONTUMAJIbHOMN 1 BO3MOXKHBIX CyOOTI-
TUMAaJIbHBIX aJIETEPHATUB 1 OTOMPAIOT U3 HUX
Haubosee npuemiaemMyo sl 3G GeKTUBHON
peanu3auuu npoekra. I1pu 3ToM B KauecTBe
KPUTEPUSI TOUCKA ONTUMAaIbHOM aIbTepHAaTH -
BBI UCTIOJIB3YIOTCSI CYMMapHbIe TUCKOHTHUPO-
BaHHBIC CTPOUTEIHHO-3KCILTyaTallMOHHbIE
pacxoipl, a IpU 0OOCHOBAHUM BapUaHTOB
(brHaHCHPOBAaHUS MHBECTUIITMOHHOTO MPOEK-
Ta OYHKLMIO KPUTEPUS TTOIMEHSIET YHUBEP-
CaJIbHBIN TSI BCEX OXMIAeMbIX UTOTOB «MH-
TerpajabHbIi 3 heKT».

3aK/IoYHTEIbHbIN 3TaN — pa3paboTKa IMpo-
eKTa I10 IPUHSTON ajJbTepHaTUBe, ¢ peau-
3alIMs1 C MCTI0JIb30BaHMEM aHAJIN3a ITOCTIEICT-
BUIA U KOPPEKTUPOBKOMN JTAJbHEHIINX PELLIe-
HUIA B TIpefiesiax MPUHSTOrO TOPU30HTA pac-
yeTa.
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ABSTRACT

Relevance of interaction problems between
rail and sea transport is primarily connected with
market environment of the economy, competition,
tariff policy, investment resources. In Kazakhstan,
due to the presence of sea port Aktau and two
international transport corridors passing through
the country principles of multimodality acquire a
special meaning and are implemented using logistic
resources and development of design methods
of integrated staged development of multimodal
network, including effective alternatives providing
for the situation when the shape and capacity of
the current system are changing. The authors
substantiate three stages, which are of strategic
importance for national and regional economics.

ENGLISH SUMMARY

Background. Improvement and development
of transport infrastructure of any country should
be conducted in close relationship with the key
areas of international freight transportation. Under
present conditions market entities inevitably need
integrated approach while selecting an optimal
technical plan of delivery of goods with participation
of different modes of transport.

Objective. The objective of the authors
is to investigate different aspects of a staged
development of a multimodal transport network in
Kazakhstan.

Methods. The authors used analysis,
comparative method and descriptive method.

Results. The Caspian port of Aktau has become
an importantlink in the supply chain of goods of two
international transport corridors — «North-South»
and «TRACECA» in the Republic of Kazakhstan.
Aktau has a favorable geopolitical position, is the
only one competitive trading port of the country and
functions basing on the international management
standards that meet the requirements of maritime
safety and marine service. It remains the only one
point of interchange between the sea and the
mainline railway transport (Pic. 1). Here are the
prerequisites for the need to create a transport-
logistics center at the port of Aktau, which can
include administrative, transportation, financial,
legal and information structures.

In this regard, the role of designing of integrated
and staged development of a multimodal transport
network (hereinafter-MTN) in the Republic of
Kazakhstan grows. Practices show that significant
losses of time and money in places of interchange
of several modes of transport are caused by the
lack of technological and informational interaction
between them.

Freight flows forecasting at the approaches
to ports is of great importance. There is a need
for reasonably accurate assessment methods for
different time depth that allow implementing the
principles of flexible forecasting and ways of its
improvement. Attention to this aspect of the matter
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is evident. Imperfection of forecasting methods
causes unnecessary downtime of cars and ships.
Different systems of standards lead to an excessive
amount of paper documents, lengthy procedures
of freight handling, resulting in reduction of
competitiveness, both of rail and sea transport.
Capacity and the level of equipment of marine cargo
terminals, which are limited by project scope, also
also have their impact. As well as there is also a
direct relationship with the efficiency of railways,
their mobility and willingness to cooperate.

With account for the indicated factors the
choice of methods of engineering of the optimal
scheme of a staged development of a multimodal
transport system (hereinafter — MTS) seems a
methodologically difficult task. MTS classification
as an integrity of international transport corridors
(hereinafter called ITC) of all hierarchic levels and
objectives, proposed in [2, 3], Pic. 2, confirms
economical practicability and strategic goals of
designing in that sphere.

Comprehensive analysis of strategy materials
of regional, social and economic growth [4]
and research results in the papers [5,6] have
shown that simultaneous staged development of
communications for all modes of transport should
be considered in the context of multimodality
ideas, allowing to consider regional specifics and
peculiarities of their economic impact.

ITC is the sequence of multimodal transport links
(hereinafter — MTL) of different modes of transport,
ensuring delivery of goods of any range from suppliers
to customers, which is interlinked in space by multimodal
transport hubs (hereinafter — MTH or MTJ).

MTH is a complex technical and economic
system consisting of elements of different modes
of transport and ensuring their effective interaction.

MTL is a technical and economic system
presented by elements of one of transport modes
participating in ITC functioning.

Given the specifics of the changes in projected
traffic volumes under the market economy
conditions and features of the development
of elements of a consolidated transport and
logistics operator in Kazakhstan, the authors offer
to represent its decomposition hierarchically,
corresponding to the diagram (Pic. 2):

1) international multimodal transport corridors
(IMTC) and hubs serving them (IMTH) — followed by
the organization of container traffic from the Asia-
Pacific region to Europe via Kazakhstan;

2) interregional multimodal transport corridors
(IRMTC) and junctions (IRMTJ) — they carry out
cargo and passenger transportation in the country;

3) regional multimodal transport corridors
(RMTC) and junctions (RMTJ) — their task is to
provide transportation of goods and passengers
between regions of the country.

To create a methodology to solve the problem
of effective alternatives (strategies) of staged
development of MTN for a close and long-term
perspective there should be created:



1) Concept of designing of an integrated staged
development of MTN and its elements;

2) Information support system for designing a
staged development of MTN with account for changes
in the shape and capacity of its elements;

3) Methodology and analytical decision-making
block to change shape and capacity of MTN in
environment of risks and uncertainty;

4) Method of generating of the field of effective
alternatives (FEA) and changing the shape and
capacity of MTN subject to uncertainty in the
predictions of required volumes of traffic.

The change in the structural-parametric
representation of IMTH, associated with the elements
of IMTC and multimodal transport network, is
multivariate and multicriteria task. To solve it at
the current stage of economic development of the
Republic of Kazakhstan science-based planning
and allocation of limited investment resources are
required. There is a need for methodology based
on advanced information technologies, modeling
techniques and modern principles of designing
alternatives (options) of investment projects.
There are many studies, in particular, those of
O. V. Belyi, N. V. Pravdin, V. I. Galakhov, V. Ya. Negrei,
V. N. Livshits, etc., which emphasize and clearly
demonstrate the extreme complexity of the problems
of this type, and offer appropriate approaches,
methods and techniques for solving with sufficient
precision these set tasks for different modes of
transport.

However, they do not fully touch on issues of
modeling of coherent and balanced development of
several modes of transport in multimodal junctions
that must be considered when changing their
structure and capacity in the current economic
environment.

It is necessary to develop a concept for the
development of MTN, representing a strategy for
managing a design of effective alternatives, which
implies economic feasibility of changes that are being
prepared, engineering preparation of production
(EPP), along with monitoring of traffic volumes and
technical and economic indicators ( TEI) of the system,
technical condition (TC) of its elements (Pic. 3).

Monitoring technology should include shaping
of a common information space for decision-making
support for changing the shape and capacity of
MTN. Electronic passports of all system elements
are formed in real-time mode. Experience of their

Pic. 1. Modern multipurpose terminal RSE «AISCP»
(Republican State Enterprise «Aktau International Sea
Commercial Port”)

Russian Federation [5,6] and can be used for any
transport systems and their objects.

One of the results of engineering preparation is
obtaining of an initial set of alternatives of changing
the shape and capacity of MTN and allocation of their
effective area from this set (Pic. 4).

An alternative (option) of changing the shape
and capacity of MTN should be considered as an
aggregate of system elements and parameters with
regard to their technical state at the time of decision-
making, activities to eliminate identified «narrow»
places in the system components, technologies
used, ways and means of their interaction, enabling
to implement a certain traffic volume for target
date [7].

Generation of the original set and the field of
effective alternatives is complicated due to the need to
consider these sets for different strategies and scenarios
ofeconomic development of regions and the country as
a whole. In addition, each considered scenario relies
on evaluation of current and projected traffic volumes.
Required carrying (estimated) capacity of MTN (ITC,
MTJ, MTH) — i(t), determined for scenario purposes
for year-wise periods, determines the considered
case. Within its limits its own set of alternatives (basic
framework) is fixed to make decisions on changing the

introduction is accumulated by rail transport of the  shape and capacity of MTN.
Consolidated transport and logistics operator (CTLO)
System
Subsystem of the 1% order Multimodal transport system (MTS) H
{ 1 1 1 I 1
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Multimodal transport junction

Pic.3. Micro system
representation of MTJ.

Components of port railway station

Automotive
transport

Loading-unloading terminal

Terminal
Nel

TS

Elements l
Nel

Terminal
Ne2

TS

Elements ll

of terminal

Ne2

Terminal
Ne3

g
I lements lI
Ne3.

of terminal

of terminal

Components of automotive
communication

International sea trade space

l EPP of MTN l
Monitoring of MTN
Required carrying Technical and economic Technical condition of
capacity I indicators of the system (TEI) the system ( TC)

|

Pic. 4. Flow-chart of

engineering preparation l

Comparison I'ry > or I'(t)

Ta(t) Adjustment of decisions with account
of consequences of implementation
and set alternative

of production for creation
of initial base of FEA
formation of staged MTN
development.

if Ty o <Is(t)

Repair and
modernization

Objective of activities

if Ty o 2Ts(t)

Reconstruction

Formation of initial set of
alternatives( ISA)

Analysis of
consequences

Project and implementation
of alternatives

Formation of an optimal
alternative of MTJ development

!

Selection of an optimal or a
suboptimal alternative

Thus, depending on the number of considered
strategies and scenarios we obtain a plurality of
considered cases, within each of which a desired
FEA may be developed. Accordingly, we build a
concept of the field of effective alternatives with
respectto the development prospects of MTN (ITC,
MTJ), but in fact we are building an action strategy
of a decision maker. The concept refers to three
essential stages.

The first stage includes monitoring of:

— The amount of work of a considered technical-
economic system or its elements taking into account
a forecast of their changes for the near future within
transit or local area adjacent to a projected object(the
result will be construction of dependence of required
carrying capacity n(t) for considered cases);

— Technical and economic indicators of the
existing MTN performance and its elements, as well
as factors that influence failures and the capacity level
of a multimodal system;

— Technical condition of elements of the system
with the establishment of «narrow» places, affecting
the implementation of the parameters’ capacity of
MTN (ITC, MTJ, MTL).

On the basis of monitoring it is possible to
determine the capacity level of the existing MTN and
its elements, which is expressed through the possible
carrying capacity of the system 8(t), at the same time

® MUP TPAHCNOPTA 04°14

traffic capacity must be defined for all elements and
the whole system.

The first stage of the concept enables to obtain
an initial information base for future action.

The second stage aims at realizing a comparative
analysis of n(t) and 'B(t), with establishment of the
terms of a technical resource exhaustion of MTN and
its elements, setting possible actions that support the
operation of the system. If [(t) < B(t) it is possible to
improve its technical and economic indicators through
modernization, repairs, requiring minimal investment.
And if I'n(t) >I'B(t) it is possible to enhance stage-by-
stage the capacity of MTN.

Solution of such a problem supposes appropriate
tools that would enable to generate optimal alternative
(schemes, strategies) of staged changing of the
shape and capacity of MTN.

Time stable forecast of required carrying capacity
rn(t) defines a considered case, within which an
optimal alternative to the results expected at the
stage is found.

Decision-makers at this stage of the task analyze
optimal and possible suboptimal alternatives and
select a more appropriate one for the effective
implementation of the project. At that stage they use
discounted total construction and operation costs as
acriterion of a search for best alternative. At the stage
of substantiation of variants of funding of investment



project criterion fuction is replaced by comprehensive
«integral effect» .

The final stage is development of a project within
the adopted alternative, its implementation using the
impact analysis and correction of further decisions
taken within the calculation horizon.

Conclusion.

On the basis of MTN systemic representation,
developed concept, adopted calculation scheme of
the process of changing the shape and capacity of
MTJ as a component of MTN, the authors formulated
a meaningful and mathematical set of a problem of
generating alternatives during changing the shape
and capacity of MTN, as well as selected one of the
possible methods and methodology of constructing
an optimal alternative (strategy) of a staged changing
if the shape and capacity for elements of MTN - ITC,
MTL, MTJ and the system as a whole.

Based on the analysis of the obtained optimal and
suboptimal schemes an opportunity was revealed
for a fairly simple comparison with the performance
results of elements and system as a whole, and this
in turn made it possible to develop a technique of
forming FEA as a basic framework for decision-
making support at the stage of development of
MTN investment project concept development. The
universality of a method and developed techniques
should be noted, since they enable to perform the
following tasks:

1. To form an optimal scheme of a staged
change of the shape and capacity of individual

elements of MTN and of whole system within a
fixed considered case based on criterion of «total
discounted construction and operational costs».

2. To choose an optimal technology of MTN
elements functioning, taking their conditions as a set
of possible technological options.

3. To generate a field of effective alternatives
to support decision- making on the criterion of
«integral effect». The technique enables to perform
this procedure for a variety of options of forecasts of
required carrying capacity volumes and on this basis
to choose a suboptimal scheme that is resistant to
change growth forecasts If(t).

4. The developed technique of FEA development
makes it possible to decide on increase in economic
attractiveness of MTN investment project for carriers
by varying monetary indicators.

5. If it is necessary, it is possible to decide on
rational distribution of traffic volumes between modes
of transport and MTN elements setting a different
ratio of volumes by modes of transport and/or their
elements as technical conditions.

The authors made systematization of factors
causing uncertainty in the formation of alternatives
of a staged development of modes of transport
of ITC and MTJ technical systems, on the
following grounds: area of occurrence; source
of occurrence; time of occurrence; probability of
occurrence; nature of uncertainty on the possibility
of obtaining additional information in the course
of management.

Keywords: multimodal transport system, railway, seaport, transport and logistics center, economy,
competition, technical and economic parameters, field of effective alternatives, staged development.
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Bopuc YCMAHOB
Boris F.USMANOV

Bnapunen TETUH
Vladilen A.TEGIN

CtaB ogHUM N3 criocob60B 06POBO/ILHOro
¢uHaHCcMpoBaHNS UHHOBAaLIMOHHbIX
NMPOEKTOB NMNOCPEe[CTBOM UHTEPHET-CeTeu,
KpayagaHAUHI NOCTENeHHO npuBJeKaeT

K TAaKOMY COTPYAHNYECTBY U POCCUNCKUX
6ekepoB — nogei, BK/1agbiBaroLmx
JINYHbIE AeHbrn Ha cCo34aHne HOBbIX
BOCTpeb0oBaHHbIX GU3HECOM U OOLLECTBOM
npoaykToB. CpopmupoBasics Tun
NnoABMXHOIO B CBOUX UHTEpecax u Bbibope
KpeaTuUBHbIX UAev NHBECTULMOHHbIA

nysa, o6cayXXuBaroLLnii 3arnpocsl PbIHKa

¥ criocob6HbIii coaericTBOBaTh peannsaynm
KkpayagdaHANHIoBbIX KaMnaHwii B 11060
coepe xnsHeneaTesIbHOCTU, BKJIIOYasl

u TpaHcnopT. lMpumepsbl Nogo06HON
BCEOXBaTHOCTH LI€J1EBbIX CETEBbIX
nnargopm, NPUBOAUMbIE aBTOPaMU CTaTbu,
¥ 06Lyast oLueHKa CI0XUBLUEViCS NPaKTUKN
nog4yepKkUBaloT 3KOHOMUYECKNIA CMbICIT

1 HECOMHEHHYIO NMPeAnpPUHUMAaTEsIbCKYIO
BbIroay kpayagaHavHra. MHBecTuymnoHHas
cTparterus koprnopawuui, a paBHO

v npencTaBuTesieli cpegHero u Masaoro
6usHeca B Poccum goskHa B NosiHov mepe
UCIOoJIb30BaTh HOBbIN PUHAHCOBbIV pecypcC.

Knto4eBbie ciioBa: MHBECTULINN, MHHOBALIMOHHbIE
MPOEKTbI, UHTEPHET-CeTH, 40OPOBOILHOE
¢uHarHcupoBaHve, kpayapaHanHr, GU3Hec.
|
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IKOHOMWKA

KpayodaHauHr kak
cTpaTernss MHBeCTUPOBaHUS
B MHHOBaLUUU

Teeun Baaouaen Arexcandposuy — kanouoam mex-
HuuecKux Hayk, douyenm Konomenckozo uncmumyma
Mockosckoeo eocyoapcmeenHo2o MauUHOCMPOUmMens-
Hoeo yHugepcumema (MAMMU), Koaomua, Poccus.
Yemanoe Bopuc @amvixosun — dokmop coyuonocute-
cKux Hayk, npogeccop Mockosckoeo cymanumapHozo
yHusepcumema, Mockea, Poccus.

MOCJIeAHUE TOJIBl PACTET TOITYJIsSIP-

HOCTb HOBOTO criocoba (puHaHCH-

POBaHUS IIPOEKTOB — KpaymdaH-
JIIMHTa. DTO CPABHUTEILHO HOBBII TTPOIIece
B Om3Hece: pa3pabOTYNKU MPUBJIEKAIOT
«HapOAHBIC» MHBECTULIMH JIJIST peain3aiin
cBoux muaeil. OHU paccKas3blBalOT O HUX,
IMOKAa3bIBAIOT YEPTEXKU WJIM TPOTOTHUIIHI,
W JTIOJIN, KOTOPBIM Mpe/ijiaraeMoe MoHpaBU-
JIOCh, TPUCHUTAIOT UM, aBTOPaM, KTO CKOJIb-
KO MOXET.

AOBPOBOJIbHAYA AJILTEPHATUBA
Kpayndauaguur (ot anria. crowd
funding, crowd — «tonna», funding —
«(uHaAHCUpOBaHUE») — KOJIJIEKTUBHOE
COTPYAHUYECTBO JI0J€ei, 1OOPOBOJIBHO
00BEIUHSIONINX CBOY PECYPCHI, KaK IMpa-
BUJIO, yepe3 MHTepHeT, 4TOOBI MOaIep-
KaTh YCUJINS APYTUX JIIOJEW NI OpTaHu -
3auuii. ®MHaAHCUpOBaAHNE IO CXeMe
KpayadaHauHTa MOXET CIIYKUTh pa3jind-
HBIM LI€JISIM B TOM YKMCJIe TOMOTaTh 3aIly-
CKY HayYHBIX UCCJIeIOBAHU I, HAUMHAHU -
sIM CTapTan-KOMITaHUM U MaJioTO OU3HE-
ca. Y cbopa cpencTB OOJIXHBI OBITh
Mmpo3pavyHasl lieJib U MOHSITHas 1eHa ee
noctuxkeHus. Kanbkyynsamnusi pacxonoB



U X0l cbopa JeHeT He MOTYT OCTaBaThCs
3aKPBITBIMHU TSI TTYOJIUKH.

Jlrogeit, KoTopbie TIATST, TMOIIEPXKU-
Basi MHULIMATUBY, Ha3bIBAIOT GeKepamMu
(backer, anen.), pexe — MelleHaTaMMU.
DTO — 4eN0BeK, BKIAAbIBAIOIINI JeHBTU
B €llI¢ HE CYIIECTBYIOIIWI MPOESKT M KeJla-
IOLIUIA TTOJIYYUTh BIIOCIEICTBUU KaKOWi-
HUOYAb MOJTYCUMBOJIUYECKHUIA OOHYC: KO-
nuio (3K3eMIUISIp) MIPOAYyKTa OecraaTHO
WIN CO 3HAYUTEIbHOW CKUIKOM, KOIMUIO
MMPOAYKTa C IPU30M JINOO SKCKITIO3UBHBIE
MaTepualibl, JOCTYITHBIE JIMIIbL GeKepaM.
Takue 10OPOBOJIbHbBIE MHBECTOPHI HE SIB-
JISIIOTCSI COYYPEIUTENSIMU KOMITAHUIA, OHU
He TMOJIYYarT akiuii. 3a cueT OOIbIIOTO
KOJIN4eCcTBa OeKepoB, Haxke MpU HeOOIb-
mux Bkiagax (or $1 mo $100, a cambie
nomnyysipHbie miatexu — $20—25), koMm-
MaHUU COOMPAIOT CPeACTBa Ha Pa3paboTKy
U U3TrOTOBJIEHME MHHOBALIMOHHOTO TPO-
nykta. OH MOXKeT ObITh pa3HBIM — WUTIpa,
KHUTa, GUIIBM, HOBBIM WIN MOIU(DUIIN-
POBAHHBI BUJI TPAHCITOPTHOTO CPENCTBA,
WHCTPYMEHThI WJIU 1aXKe OTKPBITHE 0011Ie-
JIOCTYIHOTO CIlopT3aa.

B dopmare kpayndaHIHTa HEOIBIT-
HOTO HOBUYKA «IITPOTACKUBAIOT» Yepe3
HECKOJIbKO UCITBITAHUI, KOTOPHIE AEIa0T
U3 HETO MOYTH UTO «aKyJy KalTuTaInu3Mar.
DTH 3TaMbI clieayllIune:

* Pexiama u mpoaBuUKeHUE.

* UccnenoBaHue phIHKA.

* CBSI3U U MapTHEPHI.

» [Ipen3aka3 u o0s13aTeNbCTBA.

YcneumrHast pekjiaMHass KaMOaHMUS
OCTaBJIIET aBTOPOB MPOEKTa «JIUIOM
K JIUILY» C JeCSATKaMU UJIM COTHSIMU KJIH -
€HTOB, KOTOpPHIE YCIIEJU OIJIATUTh MO-
KYINKY U HETepIIeJIMBO XIYT 3aBETHYIO
MOCBUIKY Wi penans. (CUIbHBIA MOTUB —
JIIOBECTU paboOTy A0 KOHIIA, Yero Obl 3TO
HK1 ctomno!) Ilpoiing dyepe3 KpayndaH-
JTWHTOBYIO TEXHOJIOTUIO, HAUMHAK U
MpeAnpuHUMAaTEb IPUOOpeTaeT HEe TOIb-
KO IIEHbI'W, HO U OCCUEHHBI OIBIT MPO-
W3BOJICTBA, MPOIBUXEHUS, TTPOIAXKUI
U MOJJIEPKKU CBOEro ToBapa (yCiayru).
PR-areHnTcTBa MM mpomrocepcKkue LeH-
TPpbl TOMOTAIOT GoJiee pe3yabTaTUBHO
MMPOMTY Yepe3 3TU CTaAuU. B aHTIIOS3b14-
HBIX CTpaHaxX M3BECTHHBI 10 MOJIE3HBIX
COBETOB 10 KpayadaHIUHTY.

1. Cocmasumo naan. HaunHaTte Hano
C YEeTKOTO MJjaHa, BKIIYAIIEeTo eI
KaMMOaHWUM, CTpaTeTuio €¢ MPOBEACHUS,
OIOIIKET M peCypPCHI.

2. Cchopmuposams pabouyr epynny.
B koMaH1e 1O/IKHBI OBITh KakK CIIeIIMaI-
CTHI U3BHE (OHM OYIYT BHIMOJHATH pado-
Ty 10, B TEUEHHUE U TOCJIE KaMITaHUM ), TaK
M OCHOBATEJM, KOTOPbIE CTAaHYT CTpe-
MUTHCS pa3BUBaTh OM3HEC.

3. Paszpabomamos myarvmumeduiinolii
KOHMeHm 045 KAHAA08, NOAb3YIOUUXCS
nonyasapHocmoeto. ECTb MHOXECTBO CIO-
CO0OB ITpUBJIeYb BHUMaHUE JIOAeH: BOC-
MOJIb30BaTHCS TIPEUMYIIECTBAMU CETEBBIX
TEXHOJIOTUI, UCITOJIbB30BATh MapKETUH-
roBBIe e-mail KaMmaHuM, MyOJIMKOBATh
MOCTHI B 0J10TaX, BHIKJIAABIBATh BUIE03a-
MHUCH.

4. Bdoxnosaams kauenmos. Pacckasbl-
BaTh UM O KaMIIaHUM, €€ eJISIX, TpecTa-
BUTH BCE B BBITOJHOM cBeTe. JItogu nHTe-
PECYIOTCSI HOBBIM.

5. lokazams a100am, 4ymo 6am MONCHO
dogepams. KpayndaHauHT — 3TO KOJIEK-
TUBHOE COTpyaHuUYecTBO. JloKaxure
CBOVM OTHOIIIEHUEM K JIEJTy U TTOCTyIKa-
MM, YTO BbI JOCTOMHBI moBepusd. Jloau,
NpeaoCTaBISIONINEe CPEACTBA, UMEIOT
MpaBo 3HATh, HA UTO OyAYT MOTPauye€HBI UX
JIICHbIU.

6. He 6osambcs akcnepumenmuposams.
HMcnonb3yiiTe HOBbIE METOIUKY, YASIUTE
BHMMaHUe armpodainuu CBOETo KpeaTuBa
B COIIMAJILHBIX CETSIX, pa3padoTaiiTe 4To-
HUOYIb HEOXXKMIAaHHOE (HOBBI «BEJIOCH-
HCZ[»!).

7. He 6ossmuvcs uzmenenuiti. Kpayndan-
IWHT HempeackasyeMm. Jlaxke eciu pa3pa-
0oTaH SICHBIW TJIAaH HEWCTBUI, HENb3S
npeayramaTh, Kak OyayT pa3BUBaTbhCH
COOBITHSI, TTIOBTOMY TOTOBBTE KOPPEKIINH,
M3MEHEHMUs 10 X0y Jea.

8. Ilpusaexamo ardeil, KOMOPbLIM He-
be3paziuuna eaula desmenbHocms. B aTom
MOMOTYT MapKETUHTOBbIE METOAUKU —
MOITyJasIpyU3alivs B COLMAJIbHBIX CETSX,
e-mail, mruap, myOaMYHBIC BEICTYIIJICHUS.

9. Paccuumamso 6100dxucem. CpencTn
JIOJIKHO OBITH TOCTATOYHO, YTOOBI OIj1a-
TUTH 3aIJIaHMPOBaHHBIE (M OTYACTU HE-
3aIJIaHMPOBaHHBIE) NeHCTBUS BO BpeMs
KaMIaHUu.
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10. Boimo npedannvimu ceoemy oeny.
KpayndanguHroBass kammaHus OOBIYHO
JIUTATCSI HEOOJIro, HO Ballla peIryTalus
OCTaHeTCd C BAMU HaBCeraa.

PasHOBMIHOCTBIO MPOEKTAa HA OCHOBE
KpayadaHIWHTA SIBIISICTCS WHULIMATUBA
Panp1 baOGypsiH (3kcnepT B 00,1aCTH 3CTETH-
YeCKOW MEOUIMHBI, TUOHEP KOYYMHTa
B cdepe 3ApaBoOXpaHeHMs ) MO MOIIEePKKe
MOJIOIBIX JTIOJEi, KOTOPBIM HeoOXoanma
MEIULIMHCKAsI TTOMOIIb. 3amyIeHHBINI TTPO-
mecc 6e3 cpoka TaBHOCTU W OTPaHUYEHUIA.
OueHb MHOTO€ 3aBUCUT OT MHIUBUIYAJTb-
HBIX (haKTOPOB, 3TO GOJIee SMOLIMOHATBHBII
MPOEKT, TPeCaeayIONIUi TyMaHUTapHbIe
LeJIv, 1 60Jiee TOYEUHBIH (B OTJIMYKE OT Fo-
CyJapCTBEHHOM MOAAEPIKKY ), TPO3paYHbIi
¥ KOHTpOJIUpyeMbIii. O6lIeCTBEHHAST OTJIa-
CKa U PE30HAHC Ha CTOJIb aipeCHYI0 MHU-
LIMATUBY — 3aJI0T €€ peaanu3alui B KaXKI0M
VHAVBHUIYAJTBHOM CITydae B paMKax OloKe-
Ta GJIATOTBOPUTEIBLHBIX CPEACTB, JTUYHOM
MPEeJaHHOCTHU U YYACTHUSI.

JApyrum BITOJTHE TPAIULIMOHHBIM MPO-
€KTOM, T Cpa3y OINpeaeIMIUCh O0bEeMBI,
CYMMBI, TIporpaMMa, YYaCTHUKHU, ObLI
dotorpoekT «200 MrHOBeHUIT BoponnH-
CKOIi OUTBBI», B OCHOBE KOTOPOTO JiexXa-
IV omHO3HauHBIe Kputepunm SMART
(specific, measurable, assignable, realistic,
time-bound) — TOBOJBHO YETKO BHIpa-
JKEHHbBIC CTIeUU(UKALUU, U3MEPSIEMOCTh
ycIiexa U peaju3anuu, 3HaUMMbIe U J10-
CTUIXKMMBIE TT0KAa3aTelin, peaJluCTUUHbIE
LeJdu U OMpeacIeHHOCTh BO BpeMEHU
WCTIOJIHEHUS.

KpayndangnHrossie miaTgOpMbI CO-
opanu mmoutu $1,5 mupa B 2011 ronmy,
npoduHaHcUpoBaB 6oJjiee MUJIIMOHA
MpoeKTOB. [1pu nMeIoImuMxcs TeHASHIMSX
3TOT pacTymnii peIHOK B 2012 roay yaBo-
WJICS U TIPOAOJIKAECT pa3BUBATHCS.

PeIHOK pa3menéH Ha 4YeTHIpe TUIA
KpayadaHIWHTOBBIX MIaTHOpPM:

— dosegble: BHOCUTEHU TTOJIYYAIOT J0-
JII0 B TIPOEKTaX MM YaCTh BBIPYYKHU;

— 3aliMo6ble: BHOCUTEIU TOJIYyYaloT
JIOXOJ CO CBOUX CPEICTB M OXUIAIOT UX
BO3Bpara;

— OOHYCHble: BHOCUTEIM IOJYYaloT
He(UHAHCOBYIO BBITOIY, ITPOEKTHI YaCTO
HWCTIONB3YIOT KaMITaHWUM IJIST TIpeaBapu-
TEeJIbHBIX TTPOAAX;

® MUP TPAHCNOPTA 04°14

— 0e3603Me30Hble; BHOCUTEIN HE OXKM-
Ial0oT HUYETO B3aMEH, a UMeIOT (PUJIaH-
TPOIIMYECKNE MOTUBHIL.

K yomBieHMIO IIpuBepKEeHIIEB OOHY-
CHOTO KpayadaHIWHTa B €ro ImpoeKTax
661710 coOpaHo Beero 11% ot o61eii cym-
MbI, a 49% cpeacTB MOSBUIMCH Ha 0e3-
BO3ME3IHOW OCHOBE (HECMOTpPSI Ha TOT
daxkTt, yuto 47% nnardpopm paboTaloT
Ha OGOHYCHOW OCHOBe M Bcero 27% —
Ha O0e3Bo3me3nHol). Cymma cbopoB
B OOHYCHOM KpayadgaHIWHIEe poclia
Ha IepBBIX IMopax IMpuMepHoO Ha 524%
B roa (¢ $1,6 mun B 2009 1.). JIbBUHYIO
nmoiio neHer otnaet CeBepHasgs AMepHKa
(Oosiee TTOTOBUHBI CYMMBI, COOMpPaeMoit
B MUpe).

Oo6Hapy:xXeHO0, 9TO Ha anpenb 2012 ro-
JIa B MUpe UMeIoCh 452 kKpayndaHanHTO-
BBIe TIaTGOpMBI. OXUIAIOCH, UYTO UX
YMCJIO BBIPACTET K KOHIY rojga mo 536.
boasmmucTBO TIIMaTOopmM OasmpyeTcs
B CeBepHoii AMepuke — 208 (191 —
B CIIA). B EBpornie 66110 139 tatopm
(44 — B BenukoOpuranum). [Ipu atom
95% cpencts B EBpornie n 73% B CeBepHOit
AMepuKke coOpaHBI Ha ISITU HamboJiee
«paCKpy4deHHBIX» TIaTdpopmax. XoTs
PBIHOK OBICTPO paciIupsieTcs (1o oobemMy
MPUBJIEUEHHBIX (PUMHAHCOBBIX PECYPCOB U
KOJMYECTBY TLIaT(OpM), COOTHOIIIEHUE
BBITUIAYMBAEMBbIX CPEJICTB K 00CIIaHHbIM
nagaet: B 2009 roay 661710 89% OT CyMMBI
obemanHoro, a B 201 1-M ypoBeHB BBHITIIAT
cokpatuiics 1o 79%.

NATb HEMATEPUAJIbHbIX
NMPEUMMYLLECTB

I[Tonb3oBaTeaM, UHBECTUPYIOIIUE
cpelcTBa B KpayndaHIMHTOBbIC KaMIla-
HUU, TTOJTYYaOT BO3MOXKHOCTh OIIYTUTH
CBOIO TIPUYACTHOCTD K peain3alu Baxk-
HOTrO MpOeKTa U pa3aejUuTh ¢ IPOU3BO-
JIUTENSIMU PagoCTh OT MOSBICHUS
Ha pbIHKE HOBOW mpoayKuuu. I1aTh
HEOCIOPUMBIX HeMaTepUaJbHBIX TTPEH-
MYILIEeCTB KpayadaHIUHTOBON MOIeINn
TaKOBBI.

1. Oyenrka ypoeus cnpoca u ymeHbvuieHue
PUCKO8.

Co3spena uaest Co3naHusI HOBOU MpPoO-
JIYKIIAW, HO OyAET JIM OHA TOJIb30BaThCs
cripocoMm? UM kakyo cyMMy JOOM OymyT
TOTOBBI TOTPATUTH Ha ee TTpuodpeTeHne?



Ony6amMKoBaB CBOIl IPOEKT Ha Kpayj-
(daHIMHTOBOI MIaTGOpMe, MOXKXHO ITOIY-
YUTH OTBET Ha 3TU BOIIPOCHI OT MOTEHIIN -
aJIbHBIX TOTPEOUTEIICH.

2. Ilposepka mapkemuneoewlx mamepu-
anoe u no02omoBKa peKAamMHOU KaMNaHu.

KpayndanguHroBass KaMImaHUsS OM-
HOBpPEMEHHO SIBJISIETCS M PEKJIaMHOM.
I[IpousBoanTe I MOTYT B HEOTPAaHUYEH-
HBIX 00beMax pa3MeliaTh Ha TtaTopMax
MHGOPMAIIMIO O CBOMX MPOEKTaX, B TOM
Yucje KOMMEpPUYECKNE POJUKH, OT3BIBBI
mpecchl 1 T. 1. B mpoiecce nmpoBeneHUs
KaMIIaHUM MOXHO OIIpeAeIUTh, KaKue
peKJIaMHbIe MaTepuaabl paboTalOT JIy4d-
e, U pa3paboTaTh MYyTU NPOJBMXKEHUS
MPONYKIIMH.

3. Jlogepue u donoanumenvHoe npoosu-
Jicenue.

[ly6nukanus Ha KpayadaHIMHTIOBOMI
miaaTgopMe BHyIIaeT MHTEPHET-I10JIb30-
BaTeasIM 0coboe moBepue K IPOEKTY,
OTHOBPEMEHHO OOecIIeurBasi CTapTaIibl
IOTIOHUTEIBbHOUW pekyiaMoit. MHoOTrHue
KpayadaHIMHTOBBIE PECYPCHI IIpeajiara-
FOT CBOMM JIYUYIIIM IIPOEKTaM peKJIaMHYIO
noanepKKYy (IMMyOJIMKauu B COLIMaTbHBIX
ceTsX, HOBOCTHAs pacchljka, OJoTHu
UT. I.).

4. Iloayuenue konmaKmmuoil uHghopma-
yuu, coz0anue nompeoumenbcKoi 6asol.

KpayndanauHr nmpegocTaBiaseT BO3-
MOXKHOCTb 00IIIaThCSI C IIOTPEOUTEIBCKOM
aynuTOpuei, moJrydast 6eclieHHbIC 0 aK-
TyaJIbHOCTU M MCKPEHHOCTU OT3BIBbI
o cBoux TtoBapax. Kpome toro, mocie
pEeKJIaMHO# KaMIIaHUM MOKHO ITOJYYUTh
CIIMCOK 2JIEKTPOHHBIX aJIpECOB UHBECTO-
pOB, UTO ITO3BOJUT BaM IIPOJOJIKUTH
00CyXaeH1e CBOC MPOMAYKIIUH C IOTPe-
OUTENIMH M TIOCJIE TTOJNyYeHUS (pUHaH-
CHUPOBAHMUSI.

5. Cmpameeuueckas OMKpbIMOCMb HO-
8bIM 8O3MONCHOCAM.

PasmecTnB mHpoOpManio o mpoeKkTe
Ha m1aTgopMe, MOXKHO 00eCIIeUYnTh CBO-
eMy O6m3Hecy Oyaymiee. IIpo3pauyHoOCTh
KpayadhaHIMHTOBBIX (hOPM CO31aET MpeI-
MOCBUIKM K JaJbHEHIIEMY pa3BUTHUIO:
MOSIBIISTIOTCSI MHBECTOPHI, TOTOBBIE (hu-
HaHCHUpOBaTh KOMHNAaHUMU BHE paMOK
MIpOeKTa, a TAK:Ke HOBbIe OM3HEeC-TIapTHEe-
pbl, BOILIOIIAEMOMN BaMU HUAECEH MOXET
3aMHTEPECOBAThCs Ipecca.

JIYYLUUE CTPATErMun

Nnessmu kpayndaHauHTa yXe MTPOHU -
KJOCh OOJIBIIMHCTBO MaJIbHOBUIHBIX
npeanpuHUMaTesield U UTHBECTOPOB B pa3-
BUTHIX cTpaHax. Ceiluac OM3HECMEHBI
MOTYT BHOJIHE 3aKOHHO TMPUBJIEKATh
CpeACcTBa Ha CBOU MPOEKThI, MUHYS CITOXK-
HYIO LIEMOYKY JIEHCTBUI, B COTpyIHUYE-
CTBE C BEHUYPHbIMU (DOHAAMU U OU3HEC-
aHrenaMu. Jla u oObIYHBIC T'paxkaaHe,
paHee He 3aHUMAaBIIMECsS UHBECTULIUSIMUA,
yCIleJIM OLEHUTHh MPEUMYIIecTBa 3TOTO
(puHAHCOBOTO MHCTPYMEHTA: TEIEPh UH-
BECTUILIMM HATTOMUHAOT IIOMUHT — HYX-
HO BCEro-HaBCEro MpPoOCMOTPETh PSJI
MPOEKTOB, TPeOYyOIUX (PUHAHCUPOBA-
HUS, U BBIOpATh TOT, YTO MPUBJIEK BHU-
maHue. OgHaAKO MpeaAnpUHUMATENN 3a-
JTAI0TCSI BOMTPOCOM: KaK MPEMOJHECTU
MpPOEKT Ha KpayadhaHIUHTOBOM TTOpTaie
Tak, YTOOBI OH 3aMHTEpecoBaj OoJblIee
YUCJIO TTOTEHI[MATbHBIX UHBECTOPOB.
ITepeuucnum HauboJiee IPOCTbIE METO-
b, anipoOUpOBaHHBIEC B psiJe CTpaH,
KOTOpbIE TOMOTYT CAeJIaTh MPE3EHTAIUIO0
MpoeKTa 3alIOMUHAIONIEICS.

Paccrkaxcume xopowyio ucmopuio.
Anekc bynak, coyupeauTenb noprana
Startsomegood, cuuTtaet: «[1aBHOE, UTO
HYXHO yMETh OJiS NPUBJIEUYECHUS
CPENCTB, — 3TO paccKa3blBaTh UCTOPUU.
HyxHo y0enuTesbHO U BIOXHOBEHHO
onucaTthb, Y4eM 3aHUMAETCs Ballla KOMITa-
HUS U TIOYEMY €€ NIesITeIbHOCTh BaXHa,
YTOOBI U JPYTUE 3aXOTEIU CTaTh YaCThIO
Baliero 6usHeca». Heobxonumo nath
MOHSTH MOTEHIIUAJIbHBIM UHBECTOpPAM,
YTO y BallIEr0 MPOEKTa €CTh BaXXHAas 1EJIb.
CoBpeMeHHbIl TIpeANpUHUMATENb 10 -
KeH ObITh TOTOB MOTPATUTh HEMHOTO
BPEMEHU, YTOObI CHAOJUTH CBOIO UCTO-
puio BUAeOMaTepuagaMu.

3acaymcume dosepue. IlpaBaornomo6-
HOCTb W IOBEpUE — KPaeyrojibHbIE KaM-
HU, HAa KOTOPBIX JEPXKUTCS KpayadaH-
JUHT. OIHUM M3 cIOcOOOB 00EeCTeYnuTh
COOCTBEHHOE CITOKOMCTBUE CTAHOBUTCS
VHBECTUPOBAHUE B MECTHBIE MPOEKTHI.
Yewm O11Ke HAXOAUTCSI 00bEKT UHBECTHU -
Ui, TeM OoJiee YBEPEHHO ce0sl YyBCTBY-
€T MHBECTOpP, MOCKOJbKY OH Bceraa
MMeeT BO3MOXHOCTh HaBeJaThCsl B KOM-
MaHWI0 U MOOOIIATHCSI ¢ PYKOBOJCTBOM.
Tot xe mpuHUUN paboTaeT U B Kpay.-
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¢dannunre. CiaeayeT ObITh MAKCUMAaIbHO
OTKPBITBIMU U IIPO3pauHbIMU. MIHBeCTO-
pbl JOJXHBI BUIETh, YTO BBl 3HaeTe,
K 4YeMy CTPEeMUTEeCh M UYTO BaM HEUYEro
CKPBIBATh.

Bo3naepancoenus. Ycnex kpayadaH-
JVHTA He B MOCJIEIHIOI OUepeb 3aBUCUT
OT NPOAYMAHHOM CUCTEMbI BO3HATpaXKIe-
HUI, pa3paboOTaHHOW MpeanpuHUMAaTe-
JieM. JleJio He CTOIBKO B pa3Mepe CTUMY-
Jla, CKOJILKO B €T0 HEOOBIYHOCTU U MTPHU-
BJeKaTeJbHOCTU. HyXHO MpeaioXuTh
MOTEeHIMAIbHBIM MHBECTOPAM YHUKAaIb-
HOe BO3HarpaxiaeHue, KOTOpOoe OHU
He CMOTYT MPUOOPECTU OPYTUM CITOCO-
6oMm. IIpoatocepbl KOPOTKOMETPAKHBIX
¢dunpMoB, cobupamIiInue CpeacTna
Ha CheMKU uepe3 KpayadaHIUHTOBbIE
nopTaibl, K MpUMepy, NpeaiaraioT 1aTh
MOJIb30BaTeNISIM TIPaBO Ha3BaTh OAHOTO
U3 TepoeB ¢puibMa CBOMM UMEHEM, €CIIU
Te Bioxkusn 6oiee 100 monmapoB. 3a 60-
Jiee KPYMHHBIM BKJIaJ MOXHO HaXe MOJy-
YUTh 3BaHWE UCITOJTHUTEIBHOTO COTPO-
Jarocepa.

Couuaavnote cemu.C X MOMOIIbIO
NpeanpPUHUMATE]IM UMEIOT BO3MOXHOCTD
00IIATHCS C JTIOAbMU, 3AMHTEPECOBAHHBI-
MU B MOAJEPXKKE UX OU3HEeca, U TTOJyJaroT
KJItIo4 K nuapy. Heo6XxoanumMo mocTosTHHO
OOHOBIITHL MHPOpPMAILINIO O MIPOEKTE,
pacIIUpPSTh YUCI0 NOAMMCYNKOB, 100aB-
JISITh BUJEO. 3asiBKM C BUJEOMaTepUasia-
MU NpUBIeKaloT Ha 125% Gobliie IeHET,
yeM NPOoeKTHl 0e3 Hux. [aiTe mogsam
MOHSTH, YTO Bbl HE TOMYETECh HA MECTE,
MPOEKT Pa3BUBAETCS — U OHU 3aXOTSIT Bac
MOAAEPXKAaTh.

HAUBOJIEE 3HAYUMBbIE
SAPYBEXHbIE PECYPCDbI

1) Kickstarter.com — caMblii TTocela-
eMBIf caliT B 3TOoi Kateropumu. C ero
y4acTHEM yKe 00ojiee MUJIJIMOHA Y€JIOBEK
TMPOU3BEJIU XOTS ObI TTO OJHOM TpaH3aK-
MM ; CAUT HAXOAUTCS MMPUMEPHO Ha Thl-
CSIYHOM MECTE MO MOCEIIaeMOCT! B MU -
pe — OYeHb JOCTOWHBIN MOKa3aTenb!
Cosmarenu pecypca yTBepXKIamT, 4YTO
OHM HeIaBHO BHIILIM Ha o6opoT B $100
MJIH B TOJI, IpUYeM YMCJIO MMOJb30BaTe-
JIEl ¥ IPOEKTOB MPOA0JIXKAET PACTHU IK-
CIIOHEHIIMAJIbHO. 3/1eCh NPUHST IIPUH-
nun «Bce mam HUYETO»: €CaU MPOEKT
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He cobupaeT TpedyeMOil CyMMBI, IEHbI'U
BO3BpalnamwTcsd moHopam. Emne omunH
npuHuun — «CobOupaeM HeHbru AJIs
IIPOEKTOB, a HE IJIsI KOMIIaHU», TO €CTh
Ha peajiu3aluio UIeii, mocjie 4ero aoj-
KEH MOSIBUTHCS MPOAYKT WU CEPBUC.
dokyc pecypca — KpeaTUBHbBIC TTPOEKTHI,
B TOM 4YMKcJie B 00JacTU TpaHCIopTa,
KOTOpBIEe JOJIKHBI 3aXBaThiBaTh M 3a-
CTaBJISITh JTIIOJCI UCIBITBIBATH MOJOKM-
TeJbHbIE SMOIUH.

2) indiegogo.com — aMmepuKaHCKUI pe-
Cypc, KOTOPBI 3alyCTUJICS JaXKe PaHblIIe,
yeM Kickstarter.com, mpoBeJt yke KaMITaHU U
rst 70 TBICST TPOEKTOB. 311eCh HE OTpaHu-
YUBAIOT CIIEKTP MTPOCKTOB, HE UCITOIb3YIOT
npuHLIuUI «Bce mim Hu4ero»: CKOJIbKO CO-
Opasoch — CTOJBKO W mojiyuu. Eciam BbI
HenoOpain HaME@UEeHHYI0O CyMMY, BeO-cep-
BUC yaepxXut 9%, eciiu coOpaliv MOJIHO-
cthio — 4%. Jlnst mpoBeeHUS TUIaTexXei
noHopoB ucnonb3yercs PayPal (on Geper
cBou 3%). Beb-cepBuc MoaxoauT aJist coopa
CPeACTB U 1Ol HeaMePUKaHCKUE MTPOEKTHI:
ero reorpadmus BkimtodaeT rmoutu 200 cTpaH,
B ToM uncie Poccuio. OQHO M3 JOCTOMHCTB
pecypca — BO3MOXKHOCTb UCITOJIb30BaHMUS
COOCTBEHHOTO aJITOPUTMAa, KOTOPBI aBTO-
MAaTUYEeCKU PACCUUTHIBACT PEUTUHT MPOEK-
Ta B 3aBUCUMOCTHU OT aKTUBHOCTH aBTOPOB
U JOHOPOB, KOJIMUECTBA OOHOBJICHU I, MH-
(OpPMUPYIOILINX O XOJIe peann3aui (y 00JIb-
LIIMHCTBA KOHKYPUPYIOLINX PECYPCOB MO-
Jiepalnsi MPOEKTOB OCYILECTBIISIETCS «BPYyY-
HYIO»).

3) Pecypc causes.com B OCHOBHOM OpH-
€HTUPOBAH Ha COLIMATbHO 3HAYUMBbIE MPO-
eKThl. CaiiT — He TOJIbKO U HE CTOJIbKO ISt
duHaHCHPOBAHUS, CKOJBKO IS B3aMO-
JIECTBUSI MEXIY JTIIOABMU M BKITIOUEHUS UX
B collMaNbHbIe mporecchl. Ho u ctapTarmbl
C COLIMaJbHOM HANpaBJIeHHOCTHIO 31eCh
MOTYT TIOIBITAaTh cyacThsl. Ha pecypce 3a-
peructpupoBaro 170 MITH mob30BaTelIeH,
MMOKEPTBOBABIIMX B OOIIEH CIOXHOCTHU
oonee $40 moa Ha 500 THIC. «TOOPBIX IET»
(cause (aHIJI.) — m€JIO, 1IEJIb).

4) CepBuc chipin.com mo3Boser pa3-
MECTUTh BUIKET Ha BallleM COOCTBEHHOM
BeO-caiiTe. KTo 3axoueT — mpuIIieT feHer.

5) OtnenbHO BBIAECAUM IJIATOOPMHI,
HaleJIeHHbIe Ha KpayAdaHIUHT HayIHBIX
ucciaegosBanuit. Hampumep, pecypc
iamscientist.com, KOTOPBIN peaCTaBII -



eT co0oli COLMalIbHYIO CeTh JJISI yUYEeHBIX
(6a3a mosb3oBaTesieil — 16 MUJIJIMOHOB).
B anpene 2012 roma pecypc 3aImyCcTui
MepBYIO KpayadaHAUHTOBYIO KaMIIaHUIO.

MoXHO yHOMSIHYTb ITOXOXUE PEeCypPChI:
petridish.org, fundageek.com, opengenius.
org, scifundchallenge.org u microryza.
com. Y HayuyHoTro KpayiadaHIuHra CBOU
OCOOEHHOCTHU: MPOEKThl MPEACTABISIOT
yueHble, KOTOPbIE, 32 PEIKUM UCKIIOUe-
HUEM, B MIPUHIMIE TJIOXO YMEIT UTO-
6o npoaaBaTh. [ToaToMy OOJbINIAs YaCTh
IMTPOEKTOB MPUBJIEKAET JIUIIb [0 HECKOJIb-
Ky COTEH J0Ji1apoB. XOTSI BCTpeyatoTcs
U UCKTIOUeHUs. Tak, MPOeKT 1o Ucclieqo-
BaHMIO HOBBIX BUJIOB MypaBbeB Ha Maja-
rackape cobpaljl ¢ MoMolIllblo pecypca
petridish.org 6onee $10 Toic. [ToMoraa
Xopoliasi Bujaeonpe3eHTauus. boit uc-
MOJIb30BAH U «<MOTHUBATOP»: B UeCTh OeKe-
pa, moxeprBoBaBiiero cpasy $5 Thic.,
obelllaau Ha3BaTh paHee HEU3BECTHBIN
BUJ MYPaBbeB.

KcTatu, ocHoBaTelb pecypca
iamscientist.com — Halll COOT€YEeCTBEHHUK
bopuc llaxnosuu, yexapmuii 8 CIIIA
IBaalaTh JeT Ha3aJ. YUYeHbIM, MO €ro
MHEHMWIO, HE CTOJb BaXXHO <«TMOAHSITb»
$5—10 TBIC. Ha MccaemOBaHUE, CKOIBKO
003aBeCTUCh B HAyYHOM MHUPE COTHEM—
IPYTroil moaaepXKMBaIOIIMX JIIOAC. DTO
LIEHHBIN aKTUB: KTO-TO U3 HUX, BOZMOX-
HO, B JaJIbHEHIIIEM HAIUIIEeT OT3bIB IJIs
MOJy4YeHUs TpaHTa UM OKaXeT APYrylo
MOMOIIIb.

B Poccun xpayndaHamHT KOMMepUe-
CKUX MPOEKTOB C MOMOIIbIO BEO-CEpBU-
COB MMOKa NMpedbIBaeT Ha CTAAUU IKCIIe-
PUMEHTOB, KOTOpble 3aKaHYUBAIOTCS
00BIYHO COOPOM CPaBHUTEIBHO HEOOJIb-
mux cyMM. CTOUT OTMETUTD TJIaT(GOPMBbI
shareholder.ru u capitaller.ru, ocHoBaH-
HBIE TUIATeXHO# cucteMoit WebMoney,
a Takxe investbear.ru m B-generator.ru.
Ha Hux nmpeanpuHuMaTessiM Bce Xe
WHOTJa yaaeTcss codpaTh COTHU ThiCSIY
JI0JITapOB B KaYeCTBE MHBECTULIUNA —
B 00OMeH Ha moim B KoMmnaHnuu. [lpu
9TOM TMPUXOAUTCS BBIMOJHSTH KECTKHUE
TpeOOBaHMS MO OTYETHOCTHU: O0eIaHus
KOMMIaHUU «MOAETUThCsI» oOpa3uamMu
pa3dpabaTbhiBaeMOro NpoaykTa TYyT
He TIPOXOJT.

M tem He MeHee KpayndaHIUHTOBbIE
1aT(opMbl HAUMHAIOT MOSIBJISIThCS B Py-
HeTe. MOXHO OTMETUTh miaaTdopmy st
peanu3zalyu uaei u NpoeKToB startwithme.
ru, KoTopasi cTapToBaja B TECTOBOM pe-
xkume B epane 2012 roga. I[TepBblii ke
BOpOC UJiey 3a BE HEJIeJ I TPUBJIEK OoJiee
JIBYXCOT CTOPOHHUKOB U COOpaj CBBIIIE
64 ThIC. pY6. (ITpU 0003HAYEHHON LETU
B 30 ThIC. py0.). [11011a1Ka TpenHa3Havye-
Ha JJTS TPOEKTOB YEThIpeX TUMOB: « TBOp-
yecTBO», «CaenaTby Mup Jydiie», «Crap-
Tanbl» U «Pa3BreueHusi». Ceituac Ha Hel
pa3MelleHbl TUIITb HEMHOTHUE TIPEAT0XKE-
HWSI, HO OPTaHU3aTOPbI TOBOPSIT O NECST-
Kax CJHEAYIOIINX, OXUIAIOIUX MPaBUITb-
HOTO MOMEHTA JIJIsI TyOJIUKaIUH.

Euie onuH o6HapyxkeHHbId B PyHeTte
KpayadhaHIWHTOBBIN caiT — together.ru —
«CO3JIaH JTIOJAbMU, KOTOPBIM HPABUTCS
neynaTh xopouiue geiaa». OT4acTu 3TO
COOOIIECTBO BOJIOHTEPOB, OTYACTU — Kpa-
yadaHAMHTOBas TiatdopMa. Ymaercs
cobpaTh 1O HECKOJTbKHUX COTEH THICSY
pyoJeit Ha ipoekT. [IpaBna, ecTh cymie-
CTBEHHbIE OIpaHUYEHMUs: CAaliT paboTaeT
TOJIBKO C OpPTraHU3alUisIMU, B TOM YUCJIE
TPAHCHOPTHBIMU, & HE C OTIAECJIbHBIMU
JIIOTBMU.
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ABSTRACT

Becoming one of the ways of voluntary financing of
innovative projects through Internet networks, crowd funding
gradually attracts Russian backers- people who invest
private money to create new products, which are indemand
by business and society. An investment pool has been
formed, which is flexible in its interests and choice of creative
ideas, which serves market demands and is capable of
promoting the implementation of crowd funding campaigns
in any sphere of life, including transport. Examples of such
inclusiveness of target networking platforms, cited by the
authors, and an overall assessment of established practice
emphasize economic sense and undoubted business
benefits of crowd funding. The investment strategy of
corporations, as well as of representatives of small and
medium business in Russia should make full use of new
financial resources.

ENGLISH SUMMARY

Background. In recent years the popularity of a new
method of projects financing — crowd funding grows. This
is a relatively new process in business: developers attract
«folk» investments to implement their ideas. They talk about
them, show drawings or prototypes, and people who liked
the proposed, send to the authors money, the amount of
which they determine independently.

Objective. The objective of the authors is to investigate
different aspects of crowd funding.

Methods. The authors use mainly descriptive method
and analysis.

Results.

Voluntary alternative

Crowd funding is a collective cooperation of people who
voluntarily share their resources, usually via the Internet,
to support the efforts of other people or organizations.
Financing with crowd funding scheme can serve different
purposes, including assistance in launching research,
initiatives of startup companies and small businesses. A
fundraising should have a clear goal and understandable
price to achieve it. Calculation of costs and progress of
fundraising cannot remain closed for the public.

People, who pay, supporting the initiative, are called
backers, less often — benefactors. This is a person who
invests money in a not yet existing project and hopes to get
later some kind of symbolic bonus: copy of a product for
free or at a substantial discount, a copy of a product with a
prize or exclusive material available only for backers. Such
voluntary investors are co-founders of companies, they do
not get stock. Due to the large amount of backers, even
with small investments (from $ 1 to $ 100, and the most
popularpaymentsare $ 20-25), companies collect funds for
development and manufacturing ofan innovative product. It
may be different — game, book, movie, new or modified form
of vehicle, tools or even opening of a public gym.

In crowd funding format there are following stages:

+ Advertising and promotion.

+ Market research.

+ Contacts and partners.

+ Pre-order and liabilities.

Successful advertising campaign leaves the authors
of the project «face to face» with dozens or hundreds of
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customers who have paid for the purchase and are eagerly
waiting for a treasured parcel or release. (A strong motive —
to bring the work to the end, no matter what it takes!)
Going through a crowd funding technology, an inceptive
entrepreneur acquires not only money, but also invaluable
experience in production, promotion, sale and support of
his goods (services). PR-agency or production centers help
more effectively go through these stages. In English-speaking
countries 10 useful tips of crowd funding are known.

1. To make a plan. It is necessary to start with a clear
plan, including campaign objectives, its implementation
strategy, budget and resources.

2. To form a working group. A team should include
experts from outside (they will do the job before, during
and after the campaign), and the founders, who will seek to
develop their business.

3. To develop multimedia content for the popular
channels. There are many ways to get people’s attention: to
take advantage of SEO-strategies, to use marketing e-mail
campaigns, to publish posts on blogs, to upload videos.

4. To inspire customers. To tell them about the
campaign, its objectives, to present all in a favorable light.
People are interested in the new.

5. To prove to people that they can trust you. Crowd
funding is a collective cooperation. To prove with your
attitude to the job and with your actions, that you are worthy
oftrust. People, investing money, have a right to know what
their money will be spent on.

6. Do not be afraid to experiment. It is necessary to
use new techniques, to pay attention to the approbation
of your creativity in social networks, to develop something
unexpected (a new mode of transport!).

7. Do not be afraid of changes. Crowd funding is
unpredictable. Even if a clear plan of action has been
developed, itis impossible to predict how events will unfold,
S0 it is necessary to prepare corrections, changes in the
process of project’s implementation.

8. To involve people who care about your work.
Marketing techniques can help — actions in social networks,
e-mail, public relations, public speaking.

9. To calculate budget. Funds should be sufficient to
pay planned (and partly unplanned) actions during the
campaign.

10. To be passionate about your work. Crowd funding
campaign is usually short, but your reputation will stay with
you forever.

Kind ofa project, which is based on crowd funding, isan
initiative of Rada Baburian (an expert in the field of aesthetic
medicine, a pioneer in the field of health coaching) to support
young people who need medical care. The process launched
by him is without period of limitations and restrictions. Very
many aspects depend on individual factors, it is a more
emotional project pursuing humanitarian objectives, and
more punctual (as opposed to state support), transparent
and controllable. Publicity and public resonance to address
such an initiative is the key to its implementation in each
individual case within budget of charitable funds, personal
loyalty and participation.

Another quite traditional project, where immediately
volumes, amounts, program, participants were
determined, was a photo project «200 Moments
of the Battle of Borodino», which was based on



unambiguous criteria SMART (specific, measurable,
assignable, realistic, time-bound) - quite clearly
defined specification, measurability of success and
implementation, meaningful and measurable indicators,
realistic goals and certainty in the execution time.

Crowd funding platforms raised nearly $ 1.5 billion
in 2011, funding more than a million of projects. With
existing trends this growing market doubled in 2012 and
continues to evolve.

The marketis divided into four types of crowd funding
platforms:

— share: Donors receive a share in the projects or
part of proceeds;

—loan: Donors receive income from their assets and
expect their return;

— bonus: Donors receive nonfinancial benefits,
projects often use campaigns for pre-sales;

- gratuitous: Donors do not expect anything in
return, and have philanthropic motives.

To the surprise of bonus crowd funding supporters
only 11% of the total were collected in these projects and
49% of the funds came gratis (despite the fact that 47%
of platforms operate on a bonus basis and only 27% on
a gratuitous basis).

It was found that in April 2012 there were 452 crowd
funding platforms in the world. It was expected that their
number would rise to the end of the year to 536. Most
platforms are based in North America — 208( 191 - in the
U.S.). In Europe, there were 139 platforms (44 - in the
UK). Atthe same time 95% of funds raised in Europe, and
73% of funds raised in North America, were collected
on the five most «widely promoted» platforms. Although
the market is expanding rapidly (in terms of assets and
number of platforms), the relation of paid funds to the
promised funds reduces: in 200989% of the promised
funds were paid, and in 201179%.

Five intangible benefits

Customers investing in crowd funding campaigns
get an opportunity to feel their involvement in the
implementation of an important project and to share the
joy of manufacturers when their new products enter the
market. There are five undeniable intangible benefits of
such a crowd funding model.

1. Assessing the level of demand and reducing risks.

There is anidea to create a new product, but will it be
in demand? And how much money will people be willing
to spend to acquire it? After publication of a project on
a crowd funding platform, itis possible to get answers to
these questions from potential customers.

2. Checking marketing materials and preparation of
an advertising campaign.

Crowd funding campaign is simultaneously an
advertising campaign. Manufacturers can place on
platforms in unlimited amounts information about their
projects, including commercial clips, press reviews, etc.
Inthe course of the campaign it can be determined what
promotional materials work better and develop ways to
promote products.

3. Trust and additional promotion.

Publication on a crowd funding platform inspires to
the Internet users a particular confidence in the project,
while providing an additional advertisement for startups.
Many crowd funding resources offer an advertising
support for their best projects (publication in social
networks, newsletters, blogs, etc.).

4. Obtaining contact information, creating customer
base.

Crowd funding provides an opportunity to
communicate with the consumer audience, receiving
priceless on the relevance and sincerity reviews
about their products. In addition, after the advertising

campaign it is possible to get a list of e-mail addresses
of investors that will enable to continue discussion of
their products with consumers after receiving financing.

5. Strategic openness to new possibilities

Posting information about the project on the
platform, a developer can secure the future of his
business. Transparency of crowd funding forms a
prerequisite to further development: investors appear
who are ready to finance the company outside the
project, as well as new business partners, press may be
interested in the proposed idea.

The best strategies

The authors enumerate the simplest methods which
have been tested in a number of countries that will make
a memorable presentation of the project.

Tell a good story. Alex Budak, co-founder of the
portal Startsomegood, said: «The main thing which
should be done to raise funds through crowd sourcing — is
an ability to tell stories. You should describe convincingly
and enthusiastically what your company does and why
its activity is so important in order that others want to
become part of your business». You must make it clear
to potential investors that your project has an important
goal. Amodern entrepreneur must be willing to spend a
bit of time, to provide his story with videos.

Win confidence. Believability and confidence are the
cornerstones on which crowd funding rests. One way to
ensure your own peace of mind becomes investing in
local projects. The closer an investment object is located,
the more confident feels an investor, as he always has
an opportunity to visit a company and to communicate
with management. The same principle works in crowd
funding. You should be open and transparent. Investors
need to see that you know what you strive for and that
you have nothing to hide.

Rewards. Success of crowd funding depends also
on the system of rewards, which is developed by an
entrepreneur. The matter is not so much in the size of
the incentive, but in its unusualness and attractiveness.
Potential investors should be offered a unique reward
that they cannot purchase any other way. Producers of
short films, collecting funds for shooting through crowd
sourcing portals, for example, propose the users to give
aname to one of the characters in the movie, ifthey have
invested more than $ 100. For a larger contribution it is
possible to get even a title of executive co-producer.

Social networks. With their help, entrepreneurs
are able to communicate with people interested in
support for their business, and get the key to the PR. It
is necessary to constantly update information about the
project, to expand the number of subscribers, to add
video. Applications with video attract 125% more money
than projects without them. Let people know that you are
not going around in a circle, the project is developing —
and they will want to support you.

The most interesting foreign resources

1) Kickstarter.com - the most visited website in this
category. With the use of this platform over one million
people has made at least one transaction; the site is
on about the thousandth place in traffic ranking in the
world — a very decent rate! Resource creators claim that
they have recently entered the turnover of $ 100 million
a year; the number of users and projects continues to
grow exponentially. The principle, which works here «All
or nothing», if the project does not collect the required
amount, money is returned to donors. Another principle:
«Collect money for projects, not for companies», i. e.
for implementation of ideas, after which a product or a
service should appear. Focus of the resource — creative
projects, including in the field of transport, which should
capture and make people feel positive emotions.
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2) indiegogo.com — American resource that has
started even before kickstarter.com, has already
conducted campaigns for 70,000 projects. The range
of projects is not limited, the principle «All or nothing»
is not used: how many gathered — and win as much. If
you did not collect the intended amount, the web service
will keep 9%, if you collected a full amount — 4%. For
payments of donors PayPal is used (it takes 3%). Web
service is suitable for fundraising also for non-US projects:
its geography includes nearly 200 countries, including
Russia. One of advantages of the resource is the ability
to use its own algorithm that automatically calculates
the rating of the project depending on the activity of the
authors and donors, the number of updates that inform
on the implementation (at the most competing resources
moderation of the projects is carried out «<manually»).

3) Resource causes.com focuses mainly on social
projects. This website is not only and not so much for
funding, but for the interaction between people and their
inclusion in social processes. But startups with a social
focus can try luck here. There are 170 million registered
users, who have donated all together more than $40
million for 500 thousand «good causes».

4) Service chipin.com makes it possible to place
a widget on your own website. Anybody who wants will
send money.

5) There are platforms aimed at crowd funding of
scientific research. For example, resource iamscientist.
com, which is a social network for scientists (user base —
16 million). In April 2012, the resource launched the first
crowd funding campaign.

Similar resources can be mentioned: petridish.org,
fundageek.com, opengenius.org, scifundchallenge.org
and microryza.com. Scientific crowd funding has its own
features: projects are presented by authors, who, with
few exceptions, in principle are unable to sell anything.
Therefore, most of the projects attract only several
hundred dollars. Although there are exceptions. Thus,
the research project of new ant species in Madagascar
gathered through resource petridish.org more than
10000 $; a good video presentation helped. «Motivator»

was used: it was promised to name a previously unknown
species ofant after a backer, immediately donated 50008.

By the way, the founder of the resource iamscientist.
com is our countryman Boris Shakhno, who moved to
the United States twenty years ago. For scientists, in his
opinion, itis not so important to «raise» $ 5-10 thousand
foraresearch, butto get fellows in the scientific world. This
is a valuable asset: some of them may in the future write
a review for a grant or other will assist in a different way.

Conclusions. In Russia crowd funding of commercial
projects using web services is still in a phase of
experimentation, which usually finish with collecting
relatively small amounts. Platforms shareholder.ru and
capitaller.ru should be mentioned, which have been
founded by payment system WebMoney, as well as
platforms investbear.ru and B-generator.ru. Using these
platforms, entrepreneurs sometimes manage to gather
hundreds of thousands of dollars as investment — in
exchange for a share in the company. At the same time
it is necessary to meet stringent reporting requirements:
the promises of a company to «share» do not suit here.

Nevertheless crowd funding platforms begin to
appear in RuNet. Platform for the implementation of ideas
and projects startwithme.ru can be mentioned, which
was launched in test mode in February 2012. The first
introduction ofan idea has attracted more than two hundred
supporters and has gathered more than 64 thousand rubles
for two weeks. (at the designated target of 30 thousand
rubles.). This platform is designed for four types of projects:
«Creativity», «Make the world better», «Startups’ and
«Entertainment». Now some offers are present on this
resource, and organizers say that there are next ten offers
waiting for the right moment to be published.

Another crowd funding website in RuNet is together.
ru — «created by people who like to do good deeds».
It is both community of volunteers and crowd funding
platform. Sometimes it is possible to gather several
hundred thousand rubles for a project. But there
are significant limitations: this website works only
with organizations, including transport, rather than
individuals.

Keywords: investment, innovation projects, Internet networks, voluntary funding, crowd funding, business.
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KoHnctantih KOMAPOB
Constantine L. KOMAROV

O6BeKTOM uccieoBaHUsA IBISIeTCS
CJIOXXUBLUASICA I NepPCrneKTUBHas
AOPOXXHAas1 CeTb PailOHOB, BXOASILYNX

B cocTaB HoBocnbupckoii
arnomepauynn. MeTogom Kn1acTepHoro
aHann3a obecrneyeHa 06 bEKTUBHasS
OLleHKa JOPOXXHO-CTPOUTEJIbHBIX
06BbEeKTOB, NX counasibHoO-
3KOHOMMUYECKOV BOCTPEe6oBaHHOCTH
NMPUMEeHUTEeJIbHO K MeCTHbIM yCJ10BUSIM
¥ BO3MOXHOCTSIM, NPeaIoXeHa
nporpaMmmMa aBToMaTu3npPoOBaHHOI 0O
pacyeTta yCcToW4YNBbIX K/1aCTepPOB.

B pamkax nnaHnpoBaHusi pa3BUTUS
TPaHCIMOPTHbIX CUCTeM pPpernoHa
pa3paboTtaHbl nogxoabl K 060CHOBaHUIO
oyepeaHOCTU CTPOUTEJILCTBA
3BTOMO6MﬂbeIX Aopor n JOPOXXHbIX
COOpY>XeHu obLyero nosib30BaHus
PEruoHasibHOro U MeXXMyHULNNaabHOIro
3Ha4YeHus ¢ y4eToOM O6LYeCTBEeHHO
3Ha4YNMbIX 3KOHOMUYECKUx apPeKTos.

KnroyeBsie cioBa: TpaHcriopT, PErvoH,
KJ1aCTepPHbIVi aHan3, Nepapxmyeckmni
KnacTepHbivi aHan3, aBTOMOOWIIbHbIE
10pOrv, AOPOXHO-TPAHCIOPTHAs CETb,
riaHupoOBaHWe Pa3BUTHIS.
|
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Komapoe Koncmanmun
Jleonudosuu — dokmop
MeXHUMeCcKUX HayK, npo-
gheccop, 3a6edyrouuii Kage-
dpoit «CucmeMmHblil aHAAU3
U ynpasnenue npoeKmam»
Cubupckoeo cocyoapcmeeH-
HO20 YHUSepcumema nymei
coobuenus (CIYIIC),
‘Hosocubupck, Poccus.
3vixoea Basepus FOpves-
Ha — acnupanm CIVIIC,
‘Hoesocubupck, Poccus.
Kysomuuras Mapus Anope-
eena — acnupaum CIVIIC,
Hosocubupck, Poccus.

nabasi pa3BUTOCTb TOPOXHON CeTu

CIIEP>XKMBAET pa3BUTHUE DKOHOMUKU

POCCUICKUX pernoHOB. B 1ienom no-
pOTU BMECTE C MCIOJIb3YEMbIMU TPaHCHOP-
THBIMM CPEICTBAMU MTPUHOCST CBOUM TEPPU-
TOPUSIM 3HAYUTEJIbHYIO 9KOHOMUYECKYIO
W COIMAIbHYIO BBITOay. OTIBIT MHOTHUX CTPaH
MOKa3bIBAET, KaK, B YACTHOCTHU, CEJIbCKUE
JIOPOTU BBIMTOJHSIOT POJb KaTajlu3zaTopa
B CEJIbCKOXO3SIMCTBEHHOM Pa3BUTUU PETUO-
HOB, a IOIYCTUM, KUTaicKas MpakTuKa rnpe-
KpacHO MOATBEPKAAET 3aBUCUMOCTHU BHYTPU-
arJaoMepalMOHHbBIX S)KOHOMUYECKUX PE3YJib-
TaTOB OT YPOBHS UMEIOLIETOCS TPAHCITIOPTHO-
ro nmoreHuuana. Mexnay Tem, 10 CUX MOP
OKOJIO TPUALIATH AEBITU THICSY HACEJIEHHBIX
IMyHKTOB B PD juiie Hbl HAIEKHBIX TOPOXKHBIX
CBsI3€i C palilOHHBIMU LIeHTpaMU. B pe3ynbra-
T€ XUTEJU HE TOJYYaloT MOJHOLIEHHYIO Me-
JULMHCKYIO MIOMOILb U APYTUE COLUATbHbIE
yciayru. Ilpu aTOM, €cTeCTBEHHO, Hepa3BU-
TOCTh aBTOMOOMJIBHBIX JOPOT YBEIUUYUBACT
pa3Mepsbl YITYIIEHHO 9KOHOMUYECKOM BbITO-
JIbI CEJIbXO3TOBAPOITPOU3BOINUTENEN U CHUXKA -
€T MHBECTULIMOHHYIO aKTUBHOCTb B pETMOHAX.

noaxoAabl K PELLEHUIO 3AOA4YN
ExeronHo npu pa3paboTKe U yTBEpKie-
Hum 61omketa HoBocubupckoit ob6mactu, Kak



armoMeparim.

ariioMepariy.

U APYyTUX cyObeKTOB deaepalvu, ocodoe
BHUMaHUE YIEsEeTCS CTaThsIM «]OpOXKHBII
GoHI» WK «JIopOKHOE CTPOUTETBCTBO» . DTO
00BsICHSIETCST 0011Ielt c1aboii 0OecreyeHHO-
CThIO ABTOMOOWJIBHBIMU TOPOTaMU TEPPUTO-
puu cTpaHbl (B obysacT oHa — 56,5 KM
Ha 1000 kM ?).

Ha naHHBII MOMEHT B CTPOUTEIBCTBO
HOBBIX JOPOT, UX COAEPXKAHUE, a TAKXKe pa3-
paboTKy CBSI3aHHBIX C 3TUM COBPEMEHHBIX
TEXHOJIOTUI JJTS YJIy4YllIeHUsI CUTyallluu B pe-
TMOHE HEOO0XOAUMO €XEerojHo BKJIaAblBaTh
He MmeHee 30 musuapaoB pyoseii. B 2012 ro-
JIy Ha PEMOHT U CTPOUTETbCTBO aBTOMOOWIIb-
HBIX JOpor B 06yacTy ObL1O TToTpayeHo 10,3
MuJMapaa pyoaeit, a B 2013 rony — moutu 12
MuuIMapaoB. OaHaKo HACKOJIbKO 3(p(peKTUB-
Ha OTHmaya OT BJIOXEHUI W KaKuM 00pa3oM
ONTUMU3UPOBATh 3aTPauMBaeMble YCUIUS —
3[1eCh HE BCE CTOJIb SICHO U OMPEIEIEHHO.

[I1aH peKOHCTPYKIIMU U CTPOUTEIbCTBA
aBTOAOPOT U JJOPOXKHBIX COOPYKEHU I COCTaB-
JISIeTCs1, KaK MpaBUJIo, Ha OCHOBE Mpodeccu-
OHAJIBHOTO OIbITA U MOJUTUYECKOU 1ieJIeco-
ob6pazHocTu. [1pu 5TOM 3a4acTyro oxXXuaaeMblie
9GbdEKTHI, B TOM YUCIE COLIMAIbHBIE, OT CTPO-
UTEJIbCTBA HOBBIX JTOPOXHBIX KOMILJIEKCOB
He JOCTUTaIOTCS.

ITockoabKy Kaxablii palloH U KaxXa10e
MOCeIeHUE UMEIOT CBOM MHTEPECHI M COOTBET-
CTBYIONIME MPEIJOXEHUS, KOTOpbIe Yallle

Puc. 1.
Hosocubupckas
arnomepauwsi.

PalioHBI, NOTHOCTBIO BOLIEIIHE B cocTaB HoBocHOHPCKOIT

PaiioHEI, 9aCcTHUHO BoIIeANIne B cocTak Horocudupckoit

BCEro He YKJaabIBalOTCS B 00bEeMbI yTBEP-
JKIEHHBIX cTaTeil OloIKeTa, aKTyaJbHOU Ist
COXpaHeHUsI TPUEMJIEMOTo OaslaHCa MECTHBIX
U 00l1lIepernoHaJbHBIX TOTPEOHOCTE! CTaHO-
BUTCS pa3paboTKa peKOMEeHJAlIM A 1O IJIaHU -
POBaHUIO U OYEPETHOCTU CTPOUTEIHCTBA aB-
TOMOOUJIbHBIX JJOPOT U TOPOXKHBIX COOPYKe-
HUIA 00JaCTHOTO U MEXMYHUIIMTIaJIbHOTO
3HaueHUs1. DTa 3aJaya peliajach B Xoae Ha-
1LIeT0 UcCleOBaHUs Ha MpUMepe pailoHOB,
BXOJs1IMX B cocTaB HoBocubupckoii ariome-
paluu, Ha 6a3e KJIacTepHOTo aHaau3a 1 00b-
€KTUBHOU OLIEHKM COlMaIbHOI 2 GheKTUB-
HOCTH KaXXJ0T0 MPOoeKTa:

1) IlpoaHanu3upoBaHbl CYIIECTBYIOLINE
nopoxxHo-TpaHcnopTtHbie ceTu (JITC) (puc. 1).

2) Ucnonb30BaH KJACTePHbINA MOAXON
K IUTAHMPOBAHUIO Pa3BUTUST JOPOKHO-TPaH-
CIMOPTHOM CeTU /il pa3HbIX YCJIOBUM U BO3-
MOXHOCTEH.

3) PazpaboTtaHa nmporpamMmMa aBToMaTU3M-
POBaHHOTO pacyeTa YCTOMYMBBIX KIaCTEPOB
Kak pallOHOB C MOBBILLIEHUEM TPAaHCIOPTHOM
JIOCTYITHOCTH JJISI XKUTENeH, MpoKMBaIOIIMX
B MECTHOCTH, BbIICJICHHOUW COOTBETCTBYIO-
LIMM KJIACTEPOM.

4) INpeanoxeH MeTod pacueTa COLIMaIbHOM
3(PHEKTUBHOCTU peaau3yeMbiX 00bEKTOB
C YYETOM KOJIMYECTBA XKUTEJCH, YIydlIaromx
YCJIOBMSI TPAaHCMOPTHONW NOCTYMHOCTH,
Ha eIUHUILY MHBECTULIUIA.
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Cep0BO3aMMKa

Bubuxa

3enéHblii Mbic

Ky6oBas

CocHoska (HoBocnbupck)
CrenHoit

KpacHbiit ap (HoBocubupck)
/lomoBcKan Aada
Mouuie

Bopo6bEBckuit
Kyapsweésckuii
Mpro6ekuin

©C 0000000 oo m w CeAoBOsAMMKA
C 00O mkokeme oo o CocHoska(Hosocnbupek)

Cookorooooo o Kpacbliap(Hosocbupcek)

©C 00000000 K bvbma
C 00000 OO R ko 3eN8HIMbIC
coooooorerko o Kbosan
cCooororerooo o CTenHoi
Co ook oOREmoo o o /lomoskasaaua
ok kroooooooo o KApawesckii

Coororooooo o Muue
ochrrhroooooooo o BOPOBLEBCKM

PO oo ocoo oo oo o MPHobekui

Puc. 2. ®dparmeHT MaTpuLbl B3anmoaencTBns
HacesieHHbIX NyHKTOoB HoBOoCMGUpPCKOro paiioHa.

KnactepHblii aHaIu3 — COBOKYIHOCTD
MaTeMaTUYECKNX METOIOB, TpeaHa3HAYCH-
HBIX IS (OPMHUPOBAHUS OTHOCUTEIBHO
«OTIAJIEHHBIX» APYT OT IPYyra FPYILI «OIU3KUX»>
MeXay co0oii 00beKTOB Mo MH(OopMaLun
0 PACCTOSTHUSIX WJIU CBSI3SIX (Mepax 0JIM30CTH )
Mexay HuMH [2]. B Hatiem ciiydae 3To rpyIiib
HacesneHHBIX IMyHKTOB (A TC), Hanbonee ak-
TUBHO yYaCTBYIOIINE B TPAHCIIOPTHOM B3au-
MOJEUCTBUMU.

MeTonbl KJIaCTepHOT0 aHAIM3a TTO3BOJISIIOT
MPOBOAMUTH KIaCCU(DUKALINIO OOBEKTOB C yue-
TOM MPU3HAKOB, OTPAXAIOIINX CYIITHOCTb,
MpUPOAY OOBEKTOB; IIPOBEPSTH BBIABUTAEMbIC
MPEAINOJIOKEHUSI O HATUIYNKU HEKOTOPOit
CTPYKTYPHI B M3y4aeMOii COBOKYITHOCTU 00b-
€KTOB; BEICTparBaTh HOBBIC KIacCU(UKAIIUN
IUIST CTa0OM3YyUeHHBIX SIBICHU, KOTHa He00-
XOIMMO YCTAHOBUTD HAJIMUYNE CBSI3CH, B MaH-
HOM cJTydae TPaHCIIOPTHBIX, BHYTPU COBOKYII-
HOCTHU HaceJIEeHHBIX MyHKTOB [1].

dOPMAJIbHOE NPEOCTABJIEHUE
ATC

B kayecTBe MCXOMHBIX JAHHBIX, B3SITHIX
3a OCHOBY, MCIIOJIb30BaHbl YTBEPKICHHBII
repevYeHb 0ObEKTOB CTPOUTEILCTBA ABTOMO-
OUJIBHBIX JOPOT U JOPOXKHBIX COOPYKEHMIA
PErMoHaJbHOTO M MEXMYHUIIMITAJIbHOTO
3HAYEeHUSI U aIMUHUCTpaTBHAs Kapta HoBo-
cubupckoii obmactu (Maciurad 1:600000).

AJIMUHHUCTpaTUBHAs KapTa OTpaXaeT cxe-
My PailOHOB 1 TOPOXKHO-TPAHCIIOPTHOM CETH,
a Takoke rpadudeckyo MHOOPMAaLIMIO 0 pac-
cMmaTtpuBaemoii mpobiaeme. Ha atarne ¢popma-
nu3anuu ucxoaHbuix naHHbix JITC Oblia
MpeACTaBIeHa YIIPOIIEHHOM CUCTEMOM Y3JI0B
(HaceJICHHBIX ITyHKTOB) 1 CBSI3€1 MEXITY HUMU

B BUJIE (pemepabHBIX TPACC, TIPOE3KUX YaCTe
JIOPOT, MarucTpajeli, MOCTOB U TaK Jajee.

JlopoXHO-TpaHCTIOPTHAS CETh PaliOHOB,
BXOJISIIIMX B COCTaB arjioMepalu, BKIJYaeT
411 cyuiecTBYIOIINX y3JI0B.

Ha cnenyromem atamne ¢popMaiusalnuu
HUCXOIHBIX TAaHHBIX aBTOPAMM ITOTYIEeHBI OM-
HapHbIE MaTPUIIBI 17151 KaXKI0TO paitoHa, sB-
JISIONIMECS MaTpUllaMU B3aUMOIEHCTBUS
HaceneHHbIX TTyHKTOB JITC. I1pu ux cocraB-
JICHUY COOJTIONAINCH CJICAYIOIINE TTPUHITATIBI:

— YHCJIO CTPOK PAaBHO YUCITY CTOJIOLIOB U,
COOTBETCTBEHHO, unciy y3noB ITC;

— MepecedyeHue ysjia «C caMUM co0Ooil»
MPUHUMAETCS PaBHBIM «1»;

— HaJIn4ue TIPSIMOi CBSI3U MEXIY i U j y3-
JIaMU TToApa3yMeBaeT «1» Ha repeceyeHuH i-
CTOJIOLIA C j-CTPOKOIA;

— OTCYTCTBHUE IIPSIMOIA CBSI3U MEXIY y3/1a-
MU noapasymenaet «0» (puc. 2).

Hanee, mpu mepexoe K CUTyalliu, CBSI3aH-
HOI ¢ BBEJICHUEM B 3KCIUTyaTallMiO HOBBIX
ABTOMOOUJIBHBIX TOPOT WJIM TOPOXKHBIX COO-
pyxenwnii, ITC BumonsmeHsieTcs:

— I00aBIsIeTCsS] COOTBETCTBYIOIIEE YMCIIO
CBsI3€1i, BO3HUKAIOIIUX C MOSIBJIEHUEM TOU
IV UHOM JOPOTU UJIN COOpYyKeHUs (rpadu-
YeCKHU 3TO OTpaxkaeTcs M3MEHEHUEM PacIio-
JIOXKEHMSI KJ1acTepa);

— HEUTPaTM3YIOTCS CYIIECTBYIOIINE CBSI3U
MEXY y3/1aMU, €CJIH ITPU ITOSIBJICHUH aBTOI0PO-
I'M WIM HOBOTO COOPYKEHUST 00pa30BaJICs y3ea
MEXIy IBYMSI y2Ke CYIIeCTBOBABIIIMMU PaHee.

[TocTpoeHue MaTpuil Bciieq 32 BHOCUMBI-
MU B TaOJMIYy CMEXHOCTH M3MEHECHMSIMU,
BEICTCS OT UCXOMHOI MaTPUIIBI TOCPEICTBOM:

— M3MEHEHUS KOJMYECTBEHHBIX ITapaMe-
TPOB (Pa3MEepHOCTH MaTPUIL);

— U3MEHEHUs KaueCTBEHHOM (comepika-
TEJbHOI) COCTaBISIOINICH, OTpaxamwIiei
CBOICTBA CTPYKTYPbl HOBOI MaTpuLIbl IO OT-
HOIIIEHUIO K UCXOTHOMY COACPKAHUIO.

Taxkum 06pa3oM, pacCMOTPEHHBIH ITPoLIece
¢dopManbHOTO MpPEeaCTaBACHUS TOPOXKHO-
TPAHCIIOPTHOM CE€TU paliOHOB, BXOMSIIMX
B arJioMepaluio 1 OMHapHbIe MaTPULIBI CMEK-
Hocty JTC no3BosisoT MOJyYUTh BCe HEO0-
XOIMMbIE MCXOMHBIC MaHHBIC JJIS aHAIM3a
poOIEMBIL.

®dOPMAJIbHbIW ANMAPAT AHAJIU3A

B kauecTBe (hopmanbHOTO arnmnapaTta ObLI
BBIOPAH METOJI KJIACTEPHOIO aHaIM3a I10 CJIe-
JYIOIIAM MOTUBAM:
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1) Bo3aMoxHOCTb 00pabOTKHM OOJIBIINX 023
JMaHHBIX C IMOMOIIBIO TPOrPaMMHOTO KOM-
TUIeKca.

2) EcTecTBeHHOE pa3dbreHne COBOKYITHO-
ctu JITC Ha ob6nacTé CKOIUIEHUS 00bEKTOB
(KJ1acTepoB).

3) IlpencraBiaeHue MCXOMHBIX TaHHBIX
B BUJI€ MAaTPUIIbI CMEXKHOCTH.

4) ITonyyeHre BO3MOKHOCTH aHAJIM3UPO-
BaTh IPYIIIBI JAHHBIX U ICJIaTh CAMOCTOSITE b~
HbI€ BBIBOIBI B 3aBUCUMOCTH OT IMOCTaBJICH-
HOM 3a7a4M.

Jlo cux mop OTCYTCTBYIOT KaKue-JI1uoo
o0lIenpU3HAHHBIE METOOUKU UIeHTU(DUKA-
1IMY KJIACTEPOB, TEM HE MEHee, B IOoCIeIHee
BpeMsI KJIACTepHBII aHAIM3 MOJyYUJI TOCTa-
TOYHOE Mpu3HaHue [4], U HeT OCHOBaHUIA
COMHEBATbHCS B €T0 AeHCTBEHHOCTH.

NPOrPAMMHO-AHAJIUTUYECKUNA
KOMMNJIEKC

B kavecTBe cTaTUCTUYECKOrO IaKeTa JJist
MpOBeIeHUSI HEOOXOIMMOro aHaau3a ObLI
BbIOpAaH BapUaHT JUISI COLMAIbHBIX HAyK —
Statistical Package for the Social Sciences
(SPSS).

OCHOBHBIM JOCTOMHCTBOM 3TOTO IPO-
IPaMMHOTO KOMILJIEKCa SBJISIETCS TO OOCTOSI-
TEJbCTBO, YTO OH YIaYHO COYETAETCs C OOJIb-
IIUM KOJIMYECTBOM CPEICTB BU3yaau3aluu
pe3yJBTaToOB 00PabOTKU.

st TOTO YTOOBI BBIAEAUTh UCTUHHBIC
KJIaCTephl, HaJI0 MTPOAHAIM3MPOBATH MOTYyYeH-
HbIE JaHHbIE Ha «yCTOMYMBOCTb», TEM CAMbIM
BBISIBUB JIOKQJIbHbIE TPAHCITOPTHBIE KJIACTEPhI,
MmpeapacnojloXeHHble K 00beIUHEHUIO
B LIEJIbHBIN KJIacTep paHee IPYTUX.

WUcxonnbiMu a1 mporpammbl SPSS B Ha-
1eM cjiydyae CTajJii MaTPUIbl CMEXHOCTHU
rpada TOpOKHO-TPAHCIIOPTHOM CeTU paiio-
HOB, BXOISIIIUX B COCTaB arjoMepaluu,
B ¢opmate MS Excel.

B pesynbrate 00pabOTKM KaxXao0i U3 Ma-
TpuL mporpammoii SPSS nosydyeHb TaOIULIBI
MPUHAIJIEXKHOCTH OTICIbHBIX HAaCEIEHHbIX
MYHKTOB K pa3ianuHbiM KaactepaM (Cluster
Membership).

OCOOEHHOCThIO MCCIIEIOBAHUS CTAJIO TO,
YTO OLICHUBAJIOCH «ITOBEJACHNE» Y3JIOB B ITOC-
TOSIHHO YMEHBIIAIOIEMCST YMCIIe KJIaCTEPOB
OT JIeCSITH 10 ABYX. TaknM 00pa3oM, U3 TaOIulLL
MPUHAIUIEXKHOCTU BUIHO, YTO OIHO U TO Xe
KOJIMYECTBO Y3JI0B, U3HAUAILHO pa3/e/ieHHOE
Ha JeCsITh KJIacTepOB, MO3TAITHO OObEAMHSI-

SICh, IPUXOAUT K IBYM KPYITHBIM KJIacTepaM.
B xome paspyiieHus UCXOOHBIX KJIACTEPOB
1o Mepe pa3Butus JITC yactTuyHo 00pa3yoT-
Csl HOBbIE — YKPYITHCHHBIE.

JuarpaMMbl YCTOMUYUBOCTU KJIaCTEPOB
(Tabiuiia 1) mMO3BOISIIOT OMPEACIUTD «KHM3-
HEHHbIEC LIMKJIbl» KaXI0M 13 IepBOHAYATIb-
HO1 COBOKYITHOCTH Y3JIOB 10 X YKPYITHEHUS,
BBIIEJISIS TaKUM 00pa3oM Haubosiee yCToli-
yuBble. JIJIsT HarIsIAHOCTY KaxkaoMy KjiacTe-
Py IPUCBOEH MOPSIAKOBBIIA HOMEP OT OTHOTO
Io necsath. «KU3HEHHbIE IMKIbl» COOTBET-
CTBEHHO COCTAaBJISIIOT OT OHOIO (HauMeHee
YCTOMYMBBIN) 10 AecsaTu (Haumbosee yCToii-
yuBbIii) aTanoB. C npaBoii CTOPOHBI AUAr-
pPaMMBI UMEIOTCSI YeThIPE JOMOTHUTEIbHBIX
cToJioLa:

— «BbIHOCATCS Ha TpaduK»;

— «Ywucno y3n0B B kacrepe (1)»;

— «Ywucno y310B B KJ1acrepe (2)»;

— «NeNe y3710B, BXOASIIMX B KJIACTEP».

IlepBoiit cTONOEI TTOKA3bIBaeT Hanbosee
YCTOMYMBBIE KJIACTEPHI (B MOPSIIKE BO3pacTa-
HUS YCTOMUYMBOCTH OT TISITH 10 OHOTO) U UX
MOPSIIKOBBIE HOMEpa (M0 HOMEPY CTPOKH),
KoTophble BeIHOCSATCS Ha cxemy JITC.

Cronben «HYucno y3noB B Kiacrepe (1)»
XapaKTepu3yeT 00l1ee YUCIIO0 Y3JI0B B KasKIOM
Kjactepe (Ipu pa30MBKe Ha IECSITh KlacTe-
pOB) — B YaCTHOCTHU, CYMMHUPOBAaHUEM
10 CTOJIOLY BBHITTOJIHSAETCS MPOBepKa (YMCIIO
y3JI0B B AiarpaMMe JO0JKHO COBITagaTh C Y-
CJIOM CTPOK M CTOJIOIIOB B MaTPUILIE).

Cronben «HYucno y3noB B Kiactepe (2)»
OTpakaeT YMCJIO Y3JI0B B KJIacTepax, OTOOpaH-
HBIX 110 KPUTEPHUIO YCTONYMBOCTHU 1 BBIHECEH-
HBIX Ha CXeMY, a CyMMUPOBaHUEM YKcia y3JI0B
10 TaHHOMY CTOJIOIY MOJIydyaeM MePBUYHBII
KPUTEPUl OLIEHKU O0YePETHOCTU CTPOUTEIb-
CTBa aBTOMOOMJILHBIX JOpOT B paiioHax Ho-
BOCUOMPCKOIt armomepauuu. Umeercs B BULY
OXBaT OIpeAeJIeHHBIX HACEJICHHBIX ITYHKTOB
HanboJjiee yCTOMYMBLIMU KilacTepamu. UmeH-
HO T10 3TOMY KPUTEPHUIO TIPOU3BOASITCS Tep-
BUYHAs OIICHKA 1 CPaBHEHME KOHKYPUPYIO-
mMx BapuaHToB. [1pearnoyTuTebHOM ¢ TOUKHU
3peHUS JaHHOI METOMUKM SIBJISIETCS Ta aBTO-
Jlopora, Ipy KOTOpOii IITh Hanbosee yCToi -
YUBBIX KJIACTEPOB OXBATHIBAIOT HAUOOJbIIIEE
YHCJIO Y3/710B (HAaceJeHHBIX TYHKTOB).

YetBepTthiit cronoer] «NeNe y3710B, BXOIsI-
KX B KJIACTEP» IIOMOTaeT BbISIBUTh M HAHECTU
Ha cXeMy KJIacTepbl 110 HOMepaM y3J0B, BXO-
JISIITUX B HETO.
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Taommna 1

IIpumep nuarpammsl yeroituusoct Kaactepos JITC HoBocudupckoro paiiona

Boinocsmes Yucio Yucio NeNe y3ioe,
na epacpux y3106 y3108

s xaacmepe (1) | ¢ k1acmepe (2)] BXOJVIIIHMX B KIIACTEP

w
b

*1

4 56,840

4 7,9.41,42

Takum 0Opa3oM, MporpaMMHO-aHaTUTU -
yeckuii komrieke SPSS nmo3possier 06pado-
TaTh UCXOIHBIC TaHHBIE METOIOM HepapXuye-
CKOT'0 KJIACTEPHOTO aHajnu3a U MHTEePIIPETH -
pOBaTh ITOJIydeHHbIC PE3yIbTaThl B BUJE BbI-
BOJIOB JIJIsl IEPBMYHOM OLIEHKU OYEPETHOCTH
CTPOUTEIBLCTBA AaBTOMOOMIIBHBIX TOPOT PEery-
OHAJIBHOTO M MEXMYHULIMIIAIbHOIO 3Haye-
HUSI.

OBOCHOBAHUME OMEPEOHOCTU

Ha ocHoBe aHanM3a Mofy4eHHbIX IUarpaMm
YCTOMYMBOCTHY ObUTM BBISIBJICHBI T Haubosee
YCTOWYMBBIX KJIAaCTepOB MO rpady Kaxkaoro
U3 paiioHoB. [Toce yero noayyeHa KoJamyecT-
BEHHasi epBUYHAsI OLICHKA OUYePETHOCTH CTPO-
WUTEJILCTBA aBTOAOPOT U IOPOXKHBIX COOPYKEHUI
MO MPUHIMITY MAaKCUMAaJIbHOW YCTOMYMBOCTU
CUCTEMBI.

B HoBocubupckom paiioHe corjiacHoO Tep-
CIIEKTYBHOMY IJIaHY CTPOUTEILCTBA ITPOaHaI -
31poBaHa 3(P(HEKTUBHOCTDb YEThIPEX OOBEKTOB:

1. Tlombe3nHble JOPOTU K MPOMBIIILIEHHO-
Joructuueckomy napky (ITJIIT).

2. ABroMaructpaib bapbieBo—OpioBka—
Konboso, pacnoararoiiasi aBTOI0POKHBIM
TOHHEJIEM, COBMEILIEHHBIM C XeJIe3HOI T0po-
TOM.

3. TpaHcnopTHast pa3Bsi3Ka U MOIbE3THbIE
MyTU K BBICTABOYHOMY KOMILIEKCY «Cudupb
DKCIMOLEHTP».

4. ABTromobuibHas gopora ot ¢. KpuBona-
HoBka 10 CeBepHoro ooxonar. HoBocubupcka.

Ha ocHoBaH1Y TPOBEICHHOTO aHAIU3a Mep-
BUYHAas1 3((HEKTUBHOCTh aBTONOPOT MOIBepra-
JIaCh CPaBHUTEJIbHOM OLIEHKE 32 CYET KOTUYECT-
Ba OXBAYEHHBIX Y3/I0B (HACEIEHHbBIX MTYHKTOB)
MSITHIO HaKOOJIee YCTOMUMBBIMU KJIacTepaMMU.

YT0OBI ONpeneIUuTh ONTUMATBHYIO OYepel-
HOCTb IIaHa peaiu3aliy JOPOKHO-CTPOUTE b~
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HBIX paboT, aBTOpaMU BBEJEH COLIMAJIbHBIN
Koo dument (K ).

C ero yyactveM OLICHMBAETCS COLIMAJb-
Hast 9(pHEKTUBHOCTH TTPOCKTOB Ha OCHOBE
KOJIMYECTBA XKUTEJIEH, YIydIIalomuX yCiI0-
BUsI TPAHCIOPTHOM TOCTYIMHOCTH, U MOJ-
YIIIEBOT'O pacxo/ia MHBECTUIIWIA:
K..= Knp/C-103, (1)
rie K & — KoJn4ecTBO MpOKMBAIOLIMX K-
Teneit B kiaactepe (den.); C — cTOUMOCTh
npoekTa (MJH pyo.).

Co000pa3HO MOJIyYeHHBIM JTaHHBIM pa3-
paboTaHa cienyioiasi OuepeHOCTb CTPOU -
TejabcTBa B HoBOocMOMpPCKOM paiioHe:

1) IMoabe3aHble aBTOMOOUIbHbBIE JOPOTU
K TIPOMBIIIJIEHHO-JIOTUCTUYECKOMY TapKy.

2) ABTomopora oT ¢. KpuBogaHoBKa
1o CeBepHoro ooxoaa r. HoBocubupcka.

3) TpaHcropTHasl pa3Bsi3Ka U MOAbE3/I-
Hble MYyTH K BBICTABOYHOMY KOMIIJIEKCY
«Cubupb DKCIOLEHTP».

4) Ilpoext aBTOogoporu «bapeieBo—Op-
JtoBKa—KOJIBIIOBO € aBTOIOPOXKHBIM TOHHE -
JIEM C XEeJIE3HOU T0pOroii».

B MckutuMcKoM paiioHe COTJIacHO Iep-
CIIEKTHUBHOMY ILJIAHY CTPOUTEJILCTBA aBTOI0-
POT U IOPOXKHBIX COOPYKEHUI ITPOaHATU3H -
poBaHa 3((HEKTUBHOCTb YEThIpeX 00bEKTOB:

1) ABToMoOuIbHas nopora [yceabHUKO-
Bo—JIuHeBoO.

2) MocToBoii nepexon yepes p. Kapakan
Ha 55-M kM goporu 3aBbsiioBo—®Daken Pe-
BOJIIOIIMH.

3) ABTomopora U MOCTOBOI TMepexo/
yepe3 p. Mk Ha nopore Bepx-Uku—HoBo-
COCeI0BO.

4) Astronopora H-0809—XapuHo.

ITo utoram aHanmM3a MepPBBIA KiIacTep
OXBaTHJI 25 HaCeJICHHBIX TYHKTOB, BTOPOi —
22, Tpetuit — 22, yeTBepThiid —19.



Ta0umna 2

IToka3arem conuanbHoii 3¢eKTUBHOCTH 00HEKTOB IOPOKHOTO CTPOUTEILCTBA
B HoBocuoupckoii ariomepanuu B 2014 rony

PaiioHbl, B KOTOPbIX HasBaHne [OPOXHO-CTPOUTENBHOMO NPOeKTa CtonmocTb Konuuyectso KCou (MnH PekomeHnaye-
peanuayeTcsi NpoekT npoekTa (M/H | NpoXwuBaio- yen./MiH Masi ouepes-
py6.) wmx xutenein | py6.)-10° HOCTb NnaHa
B Knactepe peanuaauuu
(MNH Yen.) LOPOXHO-
cTponTenb-
HbIX paboT
Hosocunbupckuii A/pn, Bapbiweso-OpnoBka— 775 1,550030 2,00 4
pavioH KonbLIOBO C aBTOAOPOXHbBIM TOHHENIEM C XeNe3HON
Loporon
MNoabe3aHble aBTOMOGUIIbHBIE LOPOrY B MPOMbIW- | 187 1,526959 8,17 1
JNIEHHO-NorncTNYeckoM napke Hosocnbupckoro
panoHa
TpaHcnopTHas pasBsaka 400 1,538621 3,85 3
1 NogbesaHbIe NyTn
K BbICTAaBOYHOMY Komniekcy «Cubupb 3kcrno-
LeHTp»
A/n ot c. KpuogaHoska no CeBepHoro o6xona 285 1,530180 5,37 2
r. HoBocubupcka
Wckuntnmekuia painoH | A/n NycenbHnkoBo—JIMHEBO 280 0,077552 0,28
MocToBoit nepexop, 4/p KapakaH Ha 55-m km gopo- | 75 0,073705 0,98
v 3aBbanoso—-®daken Pesonounm»
A/n v MOCTOBOI Nepexon, 70,639 0,073705 1,04 1
4/p Wk Ha popore Bepx-Mkn—-Hosococenoso
A/n, H-0809 - XapuHo 95 0,074318 0,78 3
OpAablHCKNit Tpacca 118-i1 km a/a K-17p — KameHb-Ha-06m 1531,153 0,027762 0,018
parioH Ha y4acTke Kupsa - rpaHuua Antaickoro kpas
06xop4, p. n. OpabiHckoe 435 0,028725 0,066 1

Ha ocHOBaHMM ITOJTy9eHHBIX JAHHBIX B 3TOM
paiioHe TIpeIaraeTcs CIeayoas O4epeTHOCTb
CTPOMTEIILCTBA:

1) ABTOmOpOTa 1 MOCTOBOIA TIEPEXOIT Uepe3 P.
Uk.

2) MocroBoii mepexon yepe3 p. KapakaH.

3) ABrogopora H-0809—XapuHo.

4) ABronopora [ycenmsHrKoBo—JIMHEBO.

B OpaprHckoM palioHe TeM Xe METOIOM
MMpoaHATIM3UPOBaHa 3(PGHEKTUBHOCTD ABYX 00b-
€KTOB CTPOUTEIIHCTBA:

1) Tpacca 118-itkm aBTomoporu K-17p — Ka-
MeHb-Ha-O0m Ha yyactke Kupsa — rpanuia
AJrTaiickoro Kpasi;

2) O6xon paitoHHOTO Tocesika OpIbIHCKOE.

[To nroram aHaaM3a K IIEPBOMY KJIacTepy
OTHeceH 21 HaceNIeHHBIH ITyHKT, KO BTopoMy — 18.

O11eHKA ITOJTyYeHHOI COBOKYITHOCTH TAHHBIX
3aKperya IPHUOPUTET B OYEPETHOCTH 32 00XOI-
HOIi Toporoit rocesika OpIbIHCKOE, a BTOPOMY
00BEKTY IPUIETCS TIOMOXKAATh.

PacyeTtHbIe mokazare couyaibHoM d(dek-
TUBHOCTU OOBEKTOB JOPOXKHOTO CTPOUTEITHCTBA
B 2014 romy ripeacTaBacHBI B TAOIMIIE 2.

3AKJIKOMEHUE

Ilo MHeHHMIO aBTOPOB, IMOAXO, pa3pado-
TaHHBII K PEKOMEHAALIMSIM 110 04ePEIHOCTU
CTPOUTEILCTBA aBTOMOOUJIbHBIX 10POT, U 110~
JIydeHHbIE B IIPOLIECCE KJIACTEPHOTO aHaln3a
pe3yJIbTaThl MOTYT CJIYXKUTb ITOATBEPKIEHUEM

00BEKTUBHOCTH METO/Ia CPABHEHMST KOHKYPH -
PYIOLIMX TPAHCIIOPTHBIX IIPOEKTOB M CIIOCO0-
CTBOBATh (popManm3alluyu MPOIEAYp IIPHU
MMOJITOTOBKE KOMIIEKCHOTO YITPaBJIeHYECKO-
IO pellIeHusI.

WUcxonHbie JaHHBIE UIST UCCIEIOBAHUS
MPeIOCTaBIIEHBl MUHUCTEPCTBOM TPAHCITOpTA
HoBocubupckoii 06;1acTu, a €ro pe3yabTaThl
0m0OpeHBI PYKOBOACTBOM BEIOMCTBA U 00-
JIACTHOI amMMHUCTpAaIMeii, IermyTaTaMu 3a-
KOHOIATEIFHOTO COOpaHus CyoneKTa dheme-
pauu. U ¢ 3T0i1 TOUYKM 3peHUS MPeITOKEH-
Hble MTHCTPYMEHTHI TNTAHUPOBAHMS U aHaIM3a
MOXHO CYUTATh MPOIIEAIINMU AOCTATOUHO
HavaJIbHYIO aanTalliio U IIPOBEPKY.
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ABSTRACT

The object of research is existing and promising
road network of areas that are parts of Novosibirsk
agglomeration. Method of cluster analysis provides
an objective assessment of road construction
projects, their socio-economic relevance to local
conditions and opportunities. A program of automated
calculation of stable clusters is offered. Within the
planning of transport systems development in the
region approaches are developed to justify priority
construction of roads and road structures of public
service of regional and intermunicipal significance
with account of socially significant economic effects.

ENGLISH SUMMARY

Background. Weak development of the
road network constrains economic development
of Russian regions. In general, roads together
with vehicles bring to their territories significant
economic and social benefits. Experience of many
countries shows in particular, how a developed
network of rural roads acts as a catalyst for the
development of agricultural regions. For instance
Chinese practice perfectly confirms dependencies
of economic results within the agglomeration on
available transport capacity. Meanwhile still about
thirty nine thousand settlements in Russia do not
have reliable road links with regional centers. As
a result, people do not receive full health care
and other social services. In these circumstances
underdevelopment of roads increases loss of
economic benefits of agricultural producers and
reduces investment activity in the regions.

Objective. The objective of the authors is to
conduct a study of construction priority related to
construction of roads and road facilities in Novosibirsk
region with the help of cluster analysis method.

Methods. The authors used cluster analysis,
mathematical calculations and comparative method.

Results.

Approaches to the problem

Every year during the development and approval
of the budget of Novosibirsk region, as well as of
subjects of the federation, particular attention is paid
to items «Road fund» or «Road construction». This is
explained by the weak overall availability of roads in
the country (in Novosibirsk region it is of 56,5 km per
1000 km 2).

Currently not less than 30 billion rubles should
be invested annually in the construction of new
roads, their maintenance, and development of
related advanced technologies to improve the
situation in the region. In 2012 10, 3 billion rubles
were spent on repair and construction of roads in
the region, in 2013 — almost 12 billion. But answers
to the questions: how effective is the return on
investment and how to optimize efforts are not so
clear and definite.

Plan for reconstruction and construction of roads
is usually based on professional experience and
political expediency. In this regard expected effects,
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including social ones, from construction of new road
complexes are not achieved.

Since each district and each settlement has its
own interests and proposals, which often do not fit
into the approved budget items, it is relevant for
maintenance of acceptable balance of local and
region-wide needs to develop recommendations for
planning and prioritization of construction of roads
and road structures of regional and inter-municipal
significance. This problem was solved in the course
of studies, conducted by the authors, in the areas
included in Novosibirsk agglomeration based on
cluster analysis and objective assessment of social
effectiveness of each project:

1) Existing traffic networks (hereinafter-TN) (Pic.
1) were analyzed.

2) Cluster approach to development planning of
road network for different conditions and opportunities
was used.

3) A program for automated analysis of stable
clusters as areas with increased transport availability
for residents living in the area allocated to the
respective cluster was developed.

4) A method of calculating social effectiveness
with regard to the number of residents, improving
conditions of transport availability per unit of
investment was proposed.

Cluster analysis is a set of mathematical methods
designed to generate groups of remote objects
which are relatively close to each other via criteria of
distance or relations (proximity measures) between
them [2]. In our case, itis a group of settlements(TN),
most involved in transport interaction.

Cluster analysis method enables to classify
objects using attributes that reflect essence, nature
of the objects; to check presuppositions about the
existence of some structure in the target group
of objects; to build new classification for poorly
studied phenomena when it is necessary to establish
relationships, notably in that very case of transport
links, within the set of settlements [1].

Formal representation of TN

Asinput data, taken as a basis, an approved list of
construction of roads and road structures of regional
and inter-municipal significance and administrative
map of Novosibirsk region (scale 1:600000) were
used.

Administrative map shows an overview of areas
and road network, as well as graphical information on
the problem. At the stage of formalization of the input
data TN was shown as a simplified system of nodes
(settlements) and the connections between them in
the form of federal highways, roadways, highways,
bridges and so on.

Traffic network of areas included in agglomeration,
comprises 411 existing nodes.

At the next stage of formalizing of the input
data the authors obtained binary matrices for
each region, which are the interaction matrices of
TN settlements. When drafting them the following
principles were met:



Kolyvanskiy

Ubinskiy

Kargatskiy

Cherepanovsky

=
[

— The number of rows equals the number of columns
and, accordingly, the number of nodes of TN;

— Intersection of node «with itself» is taken equal
to«1%

— Adirect link between nodes i and j implies «1» at
the intersection of i-column with j-row;

— The lack of direct link between nodes implies «0»
(Pic. 2).

Then, with transition to the situation related to
commissioning of new roads or road structures, TN
changes:

— Appropriate number of links that arise with the
introduction of a particular road or structure is added
(this is reflected graphically with change in location of
the cluster);

— Existing links are neutralized between nodes, if
following the emergence ofa newroad or a new structure
anewnode is formed between two already existed nodes.

Construction of matrices after insertion of changes
in the adjacency table is conducted on the basis of the
original matrix by:

— Changes in quantitative parameters (dimensions
of the matrices);

— Changes in qualitative (substantial) component,
reflecting structural properties of a new matrix with
respect to initial content.

Thus, this process is a formal representation of the
traffic network of areas included in the agglomeration and
binary adjacency matrices of TN make it possible to obtain
all necessary input data for problem analysis.

Formal technique of analysis

Cluster analysis method was selected as the formal
technique for following reasons:

1) Ability to process large databases using software
package.

2) The natural decomposition of TN aggregate on
congestion areas of objects (clusters).

3) Submission of initial data in the form of adjacency
matrix.

4) Ability to analyze data sets and make own
conclusions, depending on the task.

Toguchinskiy

Pic.1. Novosibirsk
agglomeration.

Areas, fully included in Novosibirsk agglomeration.

Areas, partly included in Novosibirsk agglomeration.
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Pic. 2. Fragment of interaction matrix of Novosibirsk
region settlements.

There are still no generally accepted methods of
identification of clusters, however, recently a cluster
analysis has received sufficient recognition [4], and
there is no reason to doubt its validity.

Software-analytical complex

Statistical Package for the Social Sciences
(SPSS) was selected as statistical package to conduct
necessary analysis.

The main advantage of this software is the fact
that it is successfully combined with a large number
of visualization tools of processing results.

In order to highlight the true clusters, it is
necessary to verify the sustainability of data, thereby
identifying local transport clusters predisposed to
unite in a solid cluster earlier than others.

Adjacency matrices of the graph of TN of
areas that are included in the agglomeration, in
the format of MS Excel, served as a source for the
SPSS program.
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Table 1

Example of stability diagram of clusters of TN of Novosibirsk region

As a result of the processing of each of the
matrices by SPSS the researchers got the tables
showing the appurtenance of separate settlements
to different clusters (Cluster Membership).

Particularity of the study was that «behavior» of
nodes was evaluated in the constantly diminishing
number of clusters from ten to two. Thus, affiliation
tables show that the same number of nodes initially
divided into ten clusters, gradually combining,
reduces to two large clusters. During the destruction
of initial clusters along with the development of TN
new enlarged clusters are partially formed.

Stability diagrams of clusters (Table 1) allow
to determine «life cycles» of each of the original
aggregate of nodes prior to their enlargement,
highlighting in such a way the most stable ones. For
clarity, each cluster gets a serial number from one to
ten. «Life cycles», respectively range from one (least
stable) to ten (most stable) phases. On the right side
of the diagram, there are four additional columns:

— «Brought to the graph»;

— «Number of nodes in the cluster (1)»;

— «Number of nodes in the cluster (2)»;

— «N2 N2 of nodes in the cluster».

The first column shows the most stable clusters
(in order of increasing stability from five to one) and
their serial numbers (the row number) to be further
incorporated into TN scheme.

The column «Number of nodes in the cluster (1)»
describes the total number of nodes in each cluster
(when broken down into ten clusters). In particular
this can be used for cheking operation (the number
of nodes in the diagram must match the number of
rows and columns in the matrix).

The column «Number of nodes in the cluster
(2)» refers to the number of nodes in the clusters
selected by the stability criterion and brought to the
diagram. By summing the number of nodes in this
column we obtain primary criterion for evaluating the
priority of road construction in areas of Novosibirsk
agglomeration. This refers to the coverage of certain
localities with the most stable clusters. Using this
criterion an initial evaluation and comparison of
competing options are produced. In terms of this
technique the most preferable highway is that, where
five most stable clusters cover the largest number of
nodes (settlements).

The fourth column «N° N° of nodes in the cluster»
helps to identify and add to the scheme clusters by
numbers of nodes, included in it.

Thus, software and analytical complex SPSS
enables to process input data by hierarchical cluster
analysis method and interpret the results in the
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form of conclusions for initial evaluation of priority
of road construction of regional and intermunicipal
significance.

Justification of priority

On the basis of analysis of the stability diagrams
five most stable clusters have been identified from
the graph of each of the areas. After that, we obtain
a quantitative initial assessment of priority of the
construction of roads and road facilities following the
principle of maximum system stability.

In Novosibirsk region according to long-term
building plan the effectiveness of four objects was
analyzed:

1. Approach roads to the industrial and logistics
park (ILP).

2. Highway Baryshevo-Orlovka- Koltsovo, with its
road tunnel, combined with the railroad.

3. Transport junction and approach roads to the
exhibition complex «Expocentre of Siberia».

4. Road from Krivodanovka to Northern Bypass
of Novosibirsk.

Based on the analysis primary effectiveness of
roads was subject to a comparative assessment of
the number of nodes (settlements) englobed by five
most stable clusters.

To determine the optimal sequence of the
implementation plan of road construction works, the
authors introduced a social coefficient (K, ).

With its use social efficiency of projects is
estimated based on the number of residents, who will
consequently improve their mobility, and per capita
consumption of investments:

K.o,=K,/C10° (1)

where K, o isa number of residents living in the cluster
(person); C — cost of the project (min rub).

According to the data obtained the following
order of construction priority in Novosibirsk region
was developed:

1) Approach roads to the industrial and logistics
park.

2) Road from Krivodanovka to Northern Bypass
of Novosibirsk.

3) Transport junction and approach roads to the
exhibition complex «Expocentre of Siberia».

4) Project of a highway «Baryshevo-Orlovka-
Koltsovo, with road tunnel with the railroad».

In Iskitimsky area under long-term plan for
construction of roads and road facilities the
effectiveness of four objects was analyzed:

1) Road Guselnikovo — Linevo.

2) Bridge crossing over the river Karacan at 55
km of road Zavyalovo — Fakel Revolutsii.



Table 2

Indicators of social efficiency of road construction in Novosibirsk agglomeration in 2014

Areas where the | Name of the road-building project Cost Number of Kcou (million | Recommended
project is being of the residents people/ sequence of the
implemented project living in the million implementation
(million cluster (million | rubles) -10° | plan of road
rubles). people). construction
works

Novosibirsk Highway Baryshevo-Orlovka- Koltsovo, with its road tunnel, | 775 1,550030 2,00 4
area combined with the railroad

Approach roads to the industrial and logistics park of 187 1,526959 8,17 1

Novosibirsk area

Transport junction and approach roads to the exhibition 400 1,538621 3,85 3

complex «Expocentre of Siberia»

Highway from Krivodanovka to Northern Bypass of 285 1,530180 5,37 2

Novosibirsk
Iskitimskiy area | Highway Guselnikovo-Linevo 280 0,077552 0,28 4

Bridge crossing over the river Karacan at 55 km of road 75 0,073705 0,98 2

Zavyalovo - Fakel Revolutsii

Highway and bridge crossing over the river Eek on the road | 70,639 0,073705 1,04 1

Verkh-Eeki- Novososedovo

Highway N-0809-Kharino 95 0,074318 0,78 3
Ordynskiy area | Route 118 km of highway K-17p — Kamen-na-Obi at the site | 1531,153 | 0,027762 0,018 2

Kirza - the border of Altai Territory

Bypass near regional village Ordynskoe 435 0,028725 0,066 1

3) Highway and bridge crossing over the river
Eek on the road Verkh-Eeki- Novososedovo.

4) Highway N-0809-Kharino.

According to the results of analysis the first
cluster covered 25 settlements, the second — 22,
the third — 22, and the forth-19.

Based on the findings in this area the following
sequence of construction is proposed:

1) Highway and bridge crossing over the river Eek.

2) Bridge crossing over the river Karacan.

3) Highway N-0809-Kharino.

4) Highway Guselnikovo-Linevo.

In Ordynskiy area the effectiveness of two
construction projects was analyzed by the same
method:

1) Route 118 km of highway K-17p — Kamen-na-
Obi at the site Kirza — the border of Altai Territory;

2) Bypass near regional village Ordynskoe

According to the results of the analysis the first
cluster comprised 21 localities, the second 18.

Assessment of obtained data set gave the
priority for the bypass road of Ordynskoe settlement
and the second object would have to wait.

Estimates of the social efficiency of road
construction in 2014 are presented in Table 2.

Conclusions. According to the authors,
recommendations concerning choice of priority
construction of highways, and results obtained
in the course of cluster analysis may serve as
confirmation of objectivity of method of comparing
competing transport projects and may promote the
formalization of procedures for the preparation of
integrated management solutions.

Input data for the study were provided by Ministry
of Transport of Novosibirsk region and the study
results were approved by this ministerial body and
regional administration, members of the Legislative
Assembly of Novosibirsk region. Therefore the
proposed planning and analysis tools can be
considered as initially adapted and validated.

Keywords: transport, region, cluster analysis, hierarchical cluster analysis, roads, road network,

development planning.
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Esrenuii JIEBEAEB
Evgeny A.LEBEDEV

Jleonng MUPOTUH
Leonid B.MIROTIN

lMpennoxeH BapuaHT UHTErpaunn
MeXAyHapoAHbIX MepeBO30K

U TPAHCMNOPTHO-KOMMYHUKALNOHHOM
cucremsl KOxxHoro ¢pegepasibHOro
OKpyra c y4eToM cTpaTteru pa3Butus
BHYTPEHHEero BO4HOro TpaHcrnopTta
Poccuu go 2030 roga. lNoka3aHsl
asibTepHaTUBHbIE HanpaBJieHUs
ABVDKEHUS U neperpy3ky KOHTeHepoB
C NMOMOLLbIO KOHTEHepPOBO30B

TUNa «peKa-mMope» U paccynTaH
3KOHOMUNYECKNIN 3P PEKT OT Ux
UCnoJsIb30BaHNs MPUMEHUTEJIbHO

K nopTam v npeanpusaTUaSm
denepasnbHOro okpyra.
Mog4yepkuBaeTcss NepcrnekTUBHOCTb
TPaHCMOPTHO-JIOFTUCTUYECKOro
o6cnyxuBaHnUs TPaAH3UTHBIX,
BbIXOASILLNX U BXOASILLNX FPY30MOTOKOB
npuy HaINYUU KOHTPOJIMPYEMOro
rocyaapcTBoM eA4uNHOro yrnpasJsisiiowero
LUeHTpa, UMeIoLLero pernoHasibHbie
punnanel.

Knto4yeBbie c/ioBa: BOAHbINV TPAHCIopPT,
CMELLaHHbIE NepeBo3ku, MHGPaCcTPyKTypa,
PErvoH, UHTerpauuns, TpaHcrnopTHas
cuctema, TepMUHaJsl, KOHTeNHepP, Cyxorpys.
|
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MNPOBJIEMbI YTIPABJIERWA

UHTerpauuna TpaHCNOPTHbIX
KOMMYHUKaLUN peruoHa

‘Mupomun Jleonuo bopuco-
8uM — 0OKMOp MeXHUHECKUX
Hayk, npogeccop Mockos-
CK020 20CY0apCcmBeHH020
a8MoMOOUNLHO-00POIHCHO20
MeXHU4ecK020 yHUBepcU-
mema (MAJIH), Mockea,
Poccus.

Jlebedee Eezenuii Anex-

canoposus — 00Kmop
MeXHUYeCKux Hayk, O0UeHm
Kybanckoeo eocyoapem-
6EHHO020 MEXHON0UHECKO2O
yHugepcumema (KyoI'TY),
Kpacnooap, Poccust.
Jlesuurcuii Muxaua Oaezo-
eun — acnupanm KyoI'TY,
Kpacrooap, Poccus.

Muxaun JIEBULLKUIA
Mikhail O.LEVITSKY

MOCJeHNE IECATUIETHS MO/ BIUSIHUEM
OBICTPOro TEXHOJIOTMUYECKOTO ITporpecca
TPAHCIMOPTHO-KOMMYHUKAILIMOHHAs

CUCTEMa 3HAYUTEJIbHO YKpenuaa CBOE MECTO

B Xwu3HU o01iecTBa. OHa HEe TOJIBKO YCKOPSIET

JMIMHAMUKY COLIMAJIbHO-3KOHOMMWYECKHX TIPeo-

Opa3oBaHUil, HO U MMOPOXKIAET KAYeCTBEHHO

HOBBIC B3aIMOCBSI3U, OOBEIUHSIET TPAHCIIOPT

Pa3TMIHBIX BUIOB, CIIy>KOBI CBSI3U M OTPACIU

MPOMBIIIIEHHOCTH [1].

KaugectBeHHast TpaHCchOpMAaIUsST MEXKITyHa-
POIHOU TOPTOBJIN Y TTOBBIIIIEHUE B HEM YIIETTbHO-
TO Beca IMPOAYKIINY TIepepadaThIBAIOIICH TIPO-
MBIIIJICHHOCTH TPEOYIOT palliOHAIN3AIIIN T1e-
PEBO30K C NTPUMEHEHWEM MHOTOYUCIEHHOTO
MapKa KOHTEMHEPOB M KOHTEITHEPOBO30B. DTO
He TOJIBKO CITOCOOCTBYET 00Jiee OBICTPOIA, HEIO-
POTOii ¥ COXPAaHHOM IEPEeBO3KE TOBAPOB, a e
1 MIO3BOJISIET TIEPENTH K MACIIITAOHBIM CMELLIaH-
HbIM MIEPEBO3KAM C y4aCTHEM BOIHOTO 1 Ha3eM-
HOT'O BUJIOB TPAHCIIOPTA.

B TpaHcnopTHO-KOMMYHMKALIMOHHOM CUCTE-
Me Poccum cerMeHT KOHTeTHEepHbBIX U KOHTpET-
JIEPHBIX MEPEBO30K MPU3HAH OJHUM M3 CaMbIX
MePCHEKTUBHBIX /IS TOBBIIEHUS 3(D(hEKTUBHO-
CTH TIPOLIECCOB HA OCHOBE JIOTUCTUYECKUX TEX-
HOJIOTHUI B MYJIBTUMOIATBHBIX COOOIICHMSIX [ 2].

Ha stom doHe ycunuBaroTcst TpeOOBaHUS
K 9KOJIOTUMHOCTU BCEX BUAOB TpaHCIIOpTa



U CTpeMJICHUE TMOepKUBATh TIPUEMIEMYIO
JIOJIIO TPAHCIIOPTHOM COCTABJIIONIECH B LIEHE
KOHEYHOM TIPOIYKIIMU TP COOJTIONCHUN XKECT-
KX HOPM I10 3KOJIOTMHU 1 O€30MaCHOCTH.

OnobpeHue npasuteabcTBOM B 2013roay
CTpaTeruy pa3BUTUSI BHYTPEHHETO BOTHOIO
tpaHcrnopta Poccun 1o 2030 roga u BeiaesieHue
OIpeeIeHHBIX (PMHAHCOBBIX CPEICTB Ha IOJI-
JIEPKKY PEYHOTO CYITOXOICTBA MOKET ITOCTYKUTh
HavaJloM MTHHOBAIIMIOHHOTO Pa3BUTHSI KACKaTHOM
CHCTEMBI TPAaHCTIOPTHO-JIOTMCTUUECKOTO 00CITY-
JKMBaHMSI TPY30IIOTOKOB (TPaH3UTHBIX, BBIXOS -
1LIMX, BXOISIINX) ¥ (DOPMUPOBAHUS MHTETPUPO-
BaHHOM TPAHCIIOPTHO-JIOTCTUYECKOM CUCTEMBI
(UTJIC) ¢ noneBbIM y4acTMEM YaCTHOTO Kallu-
TaJla, HO MO/ MOJIHOM 3TUION TOCyIapcTBa Mpu
HaJWYMU €IUHOTO YIIPaBJISIOLIEeTo LIEHTPa,
MMEIONIETO perMoHanbHbie (puauansl [3]. Dto
MMO3BOJIUT TIepepacIpeaeTuTh IPy30II0TOKH,
3HAYUTEIbHASI YaCTh KOTOPBIX MTepeliIeT Ha 1o-
JTy3a0bIThIN PEYHOI (BOMHBIN) BUII TpAaHCIIOPTA
¢ Mapuipyramu nepeBo3ku cBbiie 1000 Kkm,
BBICBOOOIMB MOABMXKHOM COCTaB KeJIe3HOIO0-
POXXHOTO TPaHCIIOpTA [UIST OOCTY>KMBAaHUS pac-
crostHuii 70 1000 KM B permoHax M MeKIy HUMU,
KOTI/Ia HeT WJIM HEeIOCTaTOYHO BOAHBIX MyTei
COOOLLIEHNUS.

B »TOM KOHTEKCTE MapIIpyThl IEPEBO30K
B UTJIC enecoodpasHo (popMUpoBaTh C yIeTOM
MMHUMU3AIUU JOTMCTUYECKUX 3aTpar I10 BCeit
LIeTIN ITOCTaBOK ¥ MAKCUMAJIbHBIM HCITOIb30Ba-
HYIEM BO3MOXKHOCTE! CYILECTBYIOLLIEN TPAHCIIOP-
THO-KOMMYHUKAIIMOHHON MUH(PaCTPYKTyphI
KaKIIOr0 pernoHa 1 roTeHIIaIa MeXXperioHa b-
HBIX CBs3eli [4].

Tak, B OxHoM benepabHoM okpyre (FODO)
COCpenoTOoUYeHa TPAHCIIOPTHO-KOMMYHHUKAIIN-
OHHast MTH(PACTPYKTypa BCeX BUIOB TPaHCIIOPTa,
MHTETPHMPOBAHHASI B IIPOLIECCHI pAOOTHI MOPCKIX
TEPMUHAJIOB, pacroyioxkeHHbIX B Coun, Tyarice,
HoBopoccniicke, Eiicke, A3oBe, Taranpore
U IPYTUX IIOPTOBBIX TOPOIAX.

Kaxnplii 13 TepMUHATIOB XapaKTepU3yeTcsl
onpeaesIeHHOM MPOITYCKHOM cIOCOOHOCThIO
MOPCKUX CYIOB Pa3INYHBIX BUIOB U XapaKTepH-
ctuk. [l1aBHBIE M3 HMX — TyOuHa (apBarepa
U TIPOTSKEHHOCTD TTPUYATbHOM CTEHKM C HaX0-
ISIIIIAMCST Y Hee MOrpy304HO-pa3rpy304HbIM
000pYyIOBAaHUEM.

B maHHBIIT MOMEHT HaOJIIOJAETCS TUCITPO-
TTOPLIYS B UCTIOIb30BAaHUM MOIITHOCTEH 110 00pa-
0OTKe KOHTEHHEPOB B MOPCKMX TepMMUHaIaX
FODO. OgHu 13 HUX UCTIONB3YIOTCS B CBEPXHA-
MpsKeHHOM pexkrMe (Mopckoii mopt HoBopoc-

culiicka), a Ipyrue, MMes He Xy/IILYe BO3MOXHO-
CTH, 3arpy>KeHbI MaJIo.

YcranosneHo, uto yepe3 rmopt Hosopoc-
CUICK MPOXOAAT CJICAYIOIINE MAPIIPYThl KOH-
TeHEPHBIX MOPCKUX IIEPEBO30K C MHTEPMO/IA/Ib-
HBIMU OIIepaTOPaMHU:

1. Harpasnenue ®envkcroy (BenmukobpuTa-
Hust) — bpemepxacden (Iepmanust) — AHTBepIicH
(benbrust) — Amoapmu (Typuus) — HoBopoc-
cutick — Coun.

2. Hampasnenue bapcenona (Mcnanust) —
Mapcens (Ppanimst) — [enys (Mranus) — [e63e
(Typimst) — HoBopoccuiick — Coun.

3. Hanpasienue Heio-Mopk — Hopdonk —
Capanna (CIA) — Cram6y:1 (Typrmst) — HoBo-
poccuiick — Coun.

4. Hamnpasnenne Hosopoccuiick — Coun —
Wzmup — Ambapmm — Ie6se (Typrust) — HoBo-
poccuiick — Coun.

CeronHsl €CTb BO3MOXHOCTb «Pa3rpy3uTh»
nopt HoBopoccuiicka, HanpaBUB YaCTh BXOJISI-
LLIMX B HETO KOHTEHHEPHBIX TIOTOKOB C UMIIOP-
THBIMU Tpy3aMu B IopT A3osa. [1pu aToM ctout
YYUTBIBATh, YTO MOPCKUE CyIa-KOHTCIHEPOBO-
3bl, IPUMEHSIEMbIE MHTEPMOJAILHBIMU OIepa-
TOpaMU, I10 BeJIMYMHE CBOE OCAIKU HE MOIYT
coBeplIaTh MOoA00HYI0 TepeBo3Ky. [ToaTomy
JIydllie pacCMaTpUBaTh BAPUAHT, IIPX KOTOPOM
JIo IprHUMaroIiero mopra Poccuu (A30B) KOH-
TeliHepbl OyayT NOCTABISAThCs, MUHYS HoBOpOC-
CUIICK, CyIaMU-KOHTEMHEPOBO3aMU TUIIA «PEeKa-
MOpe». A IIpY HEOOXOAMMOCTH U JaJIbIIIe ¢ MaK-
CHMaJIbHBIM MCII0JIb30BaHMEM BHYTPEHHUX
BOIHBIX ITyTeil — ckaxkeM, 1o Hiknero Hosro-
pona, i noproB Kacrmiickoro mopsi. B atom
clly4ae CMEXHBIM 3apyOexkHbIM mopToM FOra
Poccum nomkeH crath oauH 13 opToB YepHo-
Mopckoro wim Cpean3eMHOMOPCKOro dacceii-
HOB, JIEXAIII1X Ha BOCTPEOOBAHHBIX MAPLIPYTaX.

Takast MHTerpaLysI TPAHCIIOPTHO-KOMMYHU -
KaLIMOHHOM CUCTEMbI HA OCHOBE JIOTUCTUYECKMX
TEXHOJIOTMIA B CMEIIAHHBIX MYJIBTUMOAATBHBIX
COOOILIEHUSIX TACT TOBLICUTDH 3((HEKTUBHOCTD
MepPeBO30K M TPAHCIIOPTHBIX UHMPACTPYKTYP
BCEX PETMOHOB CTPAHBbL.

[IpenBapuTe/bHBIC pacyeThl ITOKA3bIBAIOT,
YTO BHEAPEHUE TEXHOJOTUU mnepeBo3ku 1SO-
KOHTEMHEPOB CO CMEXHBIM ITOpTOM YepHOMOp-
ckoro OacceitHa B CtamOyJ1, a 3aTeM B A30B
¥ BIi1yob Poccuy o BHyTpeHHUM BOTHBIM ITyTSIM
CHUBUT U3IEPXKKU HAa TPAHCIIOPTUPOBKY 10 YPOB-
Hsl, KOTOPbIi ITpUBEIeH B Ta0/mLie 1.

Paccrossaue ot CramOyna 1o Bonrorpaga
Ipu IepeBo3Ke yepe3 HoBopoccuiick B BOI -
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Taommna 1

CpaBHHUTE/IbHAS XaPAKTEPHUCTHKA Ce0eCTOMMOCTH NepeBo3ku oaHoro ISO-konTeiinepa
B BOJIHOM U BOTHO-3K€JI€3HOI0POKHOM COOOIIEHUSX

HanpaBsneHune nepeBo3ku PesynbraTbl pacyeToB Npu pasfiMyHOM COYETAHNM UCMOb30-
BaHHbIX BUOOB TpaHcrnopTa
CebecTonmocTb CebecTonmocTb OKOHOMMYECKNIA
nepeBO3KW B BOA- | NEPEBO3kM B BoA- | addekT (pyb.)
HO-X.Z. cooblLe- | HOM CoobLLEeHN
HUM (py6.) (py6.)
Crambyn-HoBopoccuiick - 18300 .
Ctambyn—A3oB - 27657 -
Crambyn—-Bonrorpap, 38663 36194 2469
Ctamb6yn—HwxHuin HoBropopg, 51350 42067 9283
Tabmmma 2

CpaBHuTe/IbHASI XaPAKTEPUCTUKA 3aTPAT BPeMEHH HA TPAHCIOPTUPOBKY oHOro 1SO-
KOHTeifHepa B BOJIHOM M BOTHO-KeJIe3HOJI0POKHOM COOONIEHUSIX

HanpasneHue nepeBo3ku
cnoprta

PesynbraThl pac4eToB Npu pa3nnyHOM COYETAHUM UCMOIb30BaHHbIX BUAOB TPaH-

3aTtpaTbl BpEMEHU
Ha nepeBo3ky

HUM (4)

B BOAHO-X.[,. cCOO0OLLEe-

3aTpaTtbl BpEMeHU
Ha nepeBO3Ky

B BOAHOM CO00LLe-
HUW (4)

PasHuua BO BpemeHu nepe-
BO3KM (4)

Crtambyn—-Bonrorpag 88

103 15

Crambyn—-HwuxHuit Hosropog, 189

246 57

HO-3KeJIE3HOAOPOKHOM COOOIIEHUM COCTAB-
ssteT 1646 kM, depes3 I. A30B B BOIHOM CO00-
meHun — 1780 xm. Mapmipyt ot Ctam0yna
no Huxxero HoBropopa mpu ciegoBaHUU
rpy3oB uepe3 HoBopoccuiick B BOOHO-XKe-
JIE3HOJLOPOXHOM COOOILIEHUU 3aliMeT
2749 kM, yepe3 A30B B BOJHOM COOOIIEHUN —
2780 kM.

Ilpu yBeMYeHUN PacCTOSIHUSI ITEPEBO3KU
pacTeT 1 5KOHOMUYECKUit 3(hPeKT OT ITepeBO3KI
KOHTEHEPOB B BOIHOM COOOLLICHUM IO CPaBHE-
HMIO C BOTHO-3KEJI€3HOAOPOXKHBIM.

Pacuer 3aTpar BpeMeHU Ha TPAaHCIIOPTHUPOB-
Ky omHoro ISO-koHTeltHepa ITpuBeIcH B Ta0IN-
e 2. M3 Hee ciieayeT, 4To ¢ yBEeJIMYEHUEM pac-
CTOSIHUSI PACTET U pa3HULIA BO BpeMEHH I1EPEBO3-
KM B BOIHOM COOOIIEHUU I10 CPAaBHEHMIO
C BOIHO-KEJIE3HOIOPOKHBIM.

C ydYeTOM CYIIECTBYIOIIEH MPOITyCKHOM
CIIOCOOHOCTY BOAHBIX ITyTeii PM 1 nprBeIeHHbBIX
HaITPaBJICHUI1 UX MCIIOIb30BaHMUS MOTYT IIPUME-
HSThCSI KOHTEHEPOBO3bI THUIIA «PEKa-MOPE»:
CYXOTPY3HbII Terioxon Tumna «Boiro-bants»
npoexTa 2—95A 1 CyXOrpy3HbIil TETUIOXO/ TUTIA
«Jlagora» rpoekTa 285 (289).

Taxkum 06pa3oM, pa3BUTHE IIEPEBO30OK IPY30B
10 BHYTPEHHUM BOAHBIM ITyTSIM CYXOIPY3HBIMU
TEIUIOXOAaMU CMEILIAHHOIO TUIIA «PeKa-MOpe»
OTKPbIBAET CJICAYIOLLIIE BOZMOXHOCTH [LISI IIPE/I-
npusgTnii FOra Poccun:

1. UMeTh moctymHBbIC Tapubbl HA TpaH-
CIOPTUPOBKY, MO3BOJISIOIINE COKOHOMUTD
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CpeACTBa U CHU3UTH CEOECTOMMOCTD ITPOAYK-
LU H.

2. JloOnBaThCs BBICOKOI COXPaHHOCTU TPY-
30B.

3. PacnionaraTh MEXKKOHTUHEHTATLHOM TpaH-
CIOPTUPOBKOM TPY30B.

4. OCyIIeCTBIISTh TPAHCIIOPTHUPOBKY CaMBIX
Ppa3HOOOPA3HBIX TPY30B.

5. I[IpoBOAUTH MEepeaAnCIOKALIUIO BEICBO-
OOOMBIIIETOCS TOABUKHOTO COCTaBa XeIe3-
HOIOPOXHOTO TPAHCIIOPTa HAa OOCTyXMBa-
HUE OIPYTUX MapmipyToB, TI€ HET BOAHBIX
MarucTpajiei.

Emte onH MOMEHT Kak IOITOJTHEHUE: pe-
IIEHME TTPOOIeMBI YIITyOJIeHUS y9aCTKOB BHY-
TPEHHUX CYIOBBIX JIMHMI, K YeMy HaJIO CTpe-
MMUTBCST YK€ ceitgac, T03BOJIMIIO OBl IPUMEHSITh
IMOABMXXHOI COCTaB BOMTHOTO TpaHCIOpPTa
¢ 0OoJIBIIICH TPY30ITOIBEMHOCTEIO. Pe3epB TyT
HaJINIIO.
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ABSTRACT

A variant of the integration of international
transport and transport-technological system of
Southern Federal District is proposed with account
of development strategy of inland water transport
of Russia until 2030. Alternative directions of traffic
and transshipment of containers are shown using
the example of containers of «river-sea» type and
economic effect of their use subject to ports and
enterprises of Southern Federal District is calculated.
The article highlights perspective of transport and
logistics service of transit, outbound and inbound
freight flows in the presence of state-controlled single
control center that has regional branches.

ENGLISH SUMMARY

Background. /n recent decades, under the
influence of rapid technological progress transport
and communications system has significantly
strengthened its place in society. Not only does
it accelerate the dynamics of socio-economic
reforms, but also gives rise to a qualitatively new
relationship, brings together different types of
transport, communication services and industries [1].

Qualitative transformation of international trade
and increased proportion of manufactured products
require rationalization of transportation with the use of
multiple fleet of containers and container carriers. It
promotes more rapid, inexpensive and safe carriage
ofgoods, and makes it possible to come over to large-
scale multimodal transport involving water and land
transport modes.

Within the transport system of Russia segment of
container and piggyback transportation is recognized
as one ofthe most promising to improve the efficiency
of processes based on logistics technologies in multi-
modal communications [2].

In this context, environmental requirements for
all types of transport and the desire to maintain an
acceptable share of transport costs in the price of the
final product under strict standards on environment
and safety increase.

Government’s approval in 2013 of development
strategy of inland water transport in Russia until
2030 and allocation of certain funds to support river
navigation may be the start of innovative development
of a cascade system of transport and logistics
service of cargo flows (transit, outbound, inbound)
and of establishment of an integrated transport and
logistics system (ITLS) with equity participation of
private capital, but under the auspices of state in the
presence of a single control center that has regional
branches [3]. It will enable to redistribute traffic flows,
considerable part of which goes to the half-forgotten
river (water) mode of transport with transport routes
of more than 1000 km, releasing rail transport rolling
stock to service distances up to 1000 km in regions
and between them where there are no waterways or
they are insufficient.

In this context, transport routes in ITLS should
be formed with account for minimizing logistics

costs throughout the supply chain and making full
use of the existing transport and communication
infrastructure in each region and the potential of
interregional relations [4].

Objective. The objective of the authors is to
investigate perspective of transport and logistics
service of transit, outbound and inbound freight
flows in the presence of state-controlled single
control center that has regional branches.

Methods. The authors use methods of analysis
and comparison.

Results. All kinds of transport are present in
Southern Federal District (SFD), they are mostly
integrated in the operations of marine terminals
located in Sochi, Tuapse, Novorossiysk, Yeisk,
Azov, Taganrog and other port cities.

Each of these terminals is characterized by a
certain traffic capacity concerning marine vessels
of various types and characteristics. The main
features of them are navigable depth and length
of mooring berth with handling equipment.

Currently there is a disproportion in the use of
facilities for the handling of containers in maritime
terminals of SFD. Some of them are used in over
intense mode (seaport of Novorossiysk), while
others, having not the worst possibilities are
underloaded.

Itis found that following routes of sea container
shipping with intermodal operators pass through
the port of Novorossiysk:

1. Destination Felixstowe (UK) — Bremerhaven
(Germany) - Antwerp (Belgium) — Ambarl
(Turkey) — Novorossiysk — Sochi.

2. Destination Barcelona (Spain) — Marseille
(France) — Genoa (Italy) — Gebze (Turkey) —
Novorossiysk — Sochi.

3. Destination New York — Norfolk — Savannah
(United States) — Istanbul ( Turkey) — Novorossiysk —
Sochi.

4. Destination Novorossiysk — Sochi — Izmir —
Ambarl — Gebze (Turkey) — Novorossiysk — Sochi.

Today it is possible to «unload» the port of
Novorossiysk, directing part of its constituent
container flows of imported goods to the port
of Azov. It should be borne in mind that sea
container carriers used by intermodal operators,
according to their draft size cannot perform such
transportation. Therefore it is better to consider
an option in which containers will be delivered
to the receiving port of Russia (Azov), bypassing
Novorossiysk, by container carriers of «river-
sea» type. And, if necessary, transportation will
be continued with the maximum use of inland
waterways — e. g., to Nizhny Novgorod, or the
Caspian Sea ports. In this case, one of the ports
of the Black Sea or Mediterranean basins lying on
popular routes should become neighboring foreign
port of the South of Russia.

This integration of transportand communication
system based on logistics technology in mixed
multi-mode traffic will improve transport efficiency
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Table 1

Comparative characteristics of prime cost of transportation of one ISO-container in the water
and water-rail communications

Route

Results of calculations with different combinations of transport used

Prime cost of transportation in
water-rail communication
(rub)

Prime cost of transportation in
water communication (rub)

Economic benefit (rub)

Istanbul-Novorossiysk - 18300 -
Istanbul-Azov - 27657 -
Istanbul-Volgograd 38663 36194 2469
Istanbul-Nizhny Novgorod 51350 42067 9283

Table 2

Comparative characteristics of time required to transport one ISO-container in t water and
water-rail communications

Route

Results of calculations with different combinations of transport used

Time required for
transportation in water-rail
communication

(hours)

Time required for
transportation in water
communication
(hours)

Difference in transportation time
(hours)

Istanbul-Volgograd 88

103 15

Istanbul-Nizhny Novgorod 189

246 57

and transport infrastructure in all regions of the
country.

Preliminary calculations show that the
introduction of technology ISO-containers
transportation with the adjacent Black Sea port to
Istanbul, and then to Azov and into Russia using
inland waterways will reduce transportation costs
to a level that is shown in Table 1.

Distance from Istanbul to Volgograd in
transportation through Novorossiysk in water-rail
communication is 1646 km, through Azov in water
communication — 1780 km. Route from Istanbul to
Nizhny Novgorod in freight transportation through
Novorossiysk in water-rail communication takes
2749 km, through Azov in water communication —
2780 km.

As the transportation distance increases,
economic benefit of containers transportation
grows in comparison with water-rail communication.

Calculation of time required to transport one
ISO-container is given in Table 2.

As it can be seen from Table 2, with increasing
transportation distance difference in time required
for water transportation grows as compared to
water-rail communication.

With account of existing traffic capacity of
waterways of Russia and given the accessible
routes container carriers of following «river-sea»
type can be used: dry cargo ship of «Volga-Balt»
type project 2-95A and dry cargo ship of «Ladoga»
type project 285 (289).

Conclusions. Thus, the development of
transport of goods by inland waterways using
dry cargo ship of mixed «river-sea» type opens
following opportunities for businesses of the south
of Russia:

1. To have affordable tariffs for transportation,
which save money and reduce prime cost of
products.

2. To achieve high cargo safety.

3. To dispose intercontinental transportation
of goods.

4. To transport a variety of goods.

5. To conductrelocation of released rail rolling
stock to serve other routes where there are no
water main lines.

Another point to add: solution of the problem of
deepening inland ship lines would make it possible
to use water transport with larger tonnage. Here,
the reserve is obvious.

Keywords: water transport, multimodal transport, infrastructure, region, integration, transport system,

terminal, container, bulk carrier.
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OYEPEQHOMW BIOJUIETEHb OCXJ,

Topoit HoMep bronnerens Opranu-

3allUU COTPYIHUYECTBA KEJIE3HBIX

nopor 3a 2014 roa cogepKuUT UH-
(bopmManimoHHOE COOOIIECHUE O ITPOBEIE-
HUM ¢ 24 no 28 anpens B IIxeHbsHe,
110 MPUIJIANICHUI0 MUHUCTEPCTBA XKeJle3-
HbIX gopor Kopeiickoit HapoaHo-/lemo-
kpaTtudeckoit Pecnyonuku, XXIX 3acena-
Hust KoHdepeHIMN reHepaJlbHbIX TUPEK-
TOPOB (OTBETCTBEHHBIX IPEICTaBUTEICH)
OCX]JI. UndpopManus cOMmpoBOXIACTCS
paccka3oM O pa3BUTUU U (PYHKIIMOHUPO-
BaHUM XKEJE3HOTOPOXKHOTO TpaHCIOpTa
KHIP Ha coBpeMeHHOM BTarie.

Huxonait Hocenko, Oxcan Apda (Ko-
muccuss OCXKIJI), Ainekcanap XpucToao00B
(Poccus) B cBoeii ctaTbe «OmacHBIM Tpy-
3aM — 0Oe30IMacHbIe YCIOBUS MEPEeBO30K!»
IOJABOISIT IIPOMEXKYTOUHBIE UTOI'Y TOTO, YTO
caenaHo BpemeHnHoit paGoueil rpymnmoii
skcnepToB Komuccun OCXK]I mo TpaHcTiop-
THOMY IIpaBy JJIs aKTyaJlu3aluy ITpaBUII
MepeBO3KM onacHbIX Tpy30B ([Tpunoxenue 2
Kk CMI'C) B 2013 rony, B TOM YHCJI€ OLIEHU-
BalOT COTPYAHMUYECTBO B 3TO# 06JlacTu
C IPYTMMHU MEKIYHAPOIHBIMU OpTaHU3ALIM -
SIMU.

B cratbe «JIOKOMOTUBBI [IJIST TSITH TSIKE-
JIOBECHBIX IMOE3JI0B Ha XEJIE3HBbIX J0porax
Mmupa» Anekcanapa Jlysumuca (Poccus)
JaeTcsl aHaJlu3 pa3BUTHUsS IPOU3BOACTBA
U IIpUMEHEeHUs MOAO0OHBIX JIOKOMOTHBOB
B CTpaHax, I0POI' KOTOPBIX SBJISIOTCS YIe-
Hamu OCXK]JI, a Takke AeIal0TCsI HEKOTOPhIE
I1OJIE3HBIE BBIBOJIBI U OIIPEIEIISIOTCS OCHOB-
HbIE MIEPCIIEKTUBBI B 3TOi cepe

Ha ctpannuax paszaena «O padore OCXK/I»
pa3MellleHbl MaTepHuajbl O MPOXOAMBIIEM
B Towmucu (Ipysust) ¢ 18 mo 20 cdeBpasst coBe-
manuu akcneproB Komuccum OCXK]I o TpaH-
CIIOPTHOM MOJUTUKE U CTPATeTUy Pa3BUTHS
«Pa3paboTka 1 peamzaimst KOMIUIEKCHBIX Mep
I10 COBEPIIECHCTBOBAHUIO ITEPEBO30K U Pa3BU-
TUIO XKEJIE3HOMOPOXKHBIX TPAHCIIOPTHBIX KOPH -
nopoB OCXK/I»; o coBelaHUM KCHEPTOB

3KCMNPECC-UHDORPMALUNA

OPFAHU3ALWMA COTPY[HUYECTBA
I KEnE3HBIX NOPOT (OCKA)

JKEJIE3HBIX JOPOT 10 TeMe «CUCTEMBI pe3epBH-
POBaHMSI MECT, CIIPaBOYHO-UHMOPMALIMOHHO-
ro 00CTYKMBaHUS TTACCAXKUPOB, PEIOCTaBIIe-
HUS YCIYT U B3aMOPACYETOB 3a MEePEBO3KU»,
oHO npounio ¢ 4 mo 6 mapra. Ilo moBomy
«[IpaBui 0 pacyerax B MEXIyHApOIHOM T1ac-
CaXXMPCKOM U I'PYy30BOM KeJIe3HOIOPOKHOM
coobueHun» 25—28 deBpajs mpoBeaud CBOe
COBelIaHKe, KaK CO00IIaeTcs 30eCh Ke, TTPpe-
CTaBUTEJIM 3aKIIOUMBIINX O HUX IOTOBOP Ke-
JIE3HBIX JOPOr-MapTHEPOB.

B paznene «HoBocTu kene3HbIX JOPOr»
npeactaBiaeHa uH@opmanus u3 Kuras («Ha
BBICOKOCKOPOCTHOM XeJ1e3HOM0POXKHOMI
maructpanu [lekuH—IyaHuxoy nepeBe3eHo
okojo 100 maH maccaxupoB», «IIpomyck
TSIKEJIOBECHOTO Moe3/1a BecoM 21 ThiC. TOHH
Ha auHuu JatyH—lluHbXxyaHgao», «3ao-
KEeH (byHIAMEHT XeJIe3HOAOPOXKHOro MocTa
«TyHuzssH—HwuxHeneHuHCcKoe» Mexay Ku-
taeM u Poccueii»); u3z Poccuu («IlepeBo3ku
naccaxupoB moe3gaMu OAO «DITK»
B OnuMnuiickoMm rpauke ABUXECHUS»,
«ITpoeKT BBICOKOCKOPOCTHOI MarucTpaiu
MockBa — KazaHb»); u3 lepmanuu («IIpe-
3€HTallMsl HOBOTO BBICOKOCKOPOCTHOTO
noes3aa ICE-3 ¢ moBbllIeHHOM KOM(pOPTHO-
cTbio», «DB Schenker» 3anmyckaeT HOBbIH
MPOAYKT MO YCKOPEHUIO TPY30BbIX MEPeBO-
30K B A3um», «Siemens» BbIUTpaa KOHTPAKT
Ha JaJbHEUIIYI0 MOCTaBKY JJOKOMOTUBOB
B CIA», «JIByxaTaxKHBI a3po3KCcHpece
npousBoacTBa «Stadler» as1 Poccum»).

O yerBepToit BoicTaBke «IT-TRANS
2014 — unpopMalMOHHbIE TEXHOJIOTUY JJIsI
TpaHcIopTa», mpoxoausiieii ¢ 18 mo 20 ¢ges-
pans B I. Kapiacpys (IepmaHust), nyoJuKy-
€TCsI MaTepua B pasjeie «MexXIyHapoaHbIe
KOH(MEpeHIIUU U BHICTaBKM».

«B.N.TI. CepBuc»: KaxIblit KIUEHT 10J-
JKE€H YYBCTBOBATh Ce0Sl «0OUE€HBb BaXXHOU
MEePCOHOI» — OTHO3HAYHO 3aKJI0YAET CBOEH
cTaThell reHepaJbHOU TMPEKTOP OMHOUMEH -
HOTO MPUCOEIUHEHHOTO MPEeanpusaTus
OCXKJ Imutpuii TopuH. )
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Buktop JIOEHUH
Viktor V.DOENIN

Cepreii BAKYJIEHKO
Sergey P. VAKULENKO

PaccmoTtpeHa onucaTtesibHasl 4acTb
MoAeNnnpoBaHNs NacCaXKUpPOoroTOKOB
B TPaHCIMOPTHO-NepecanoYyHoOM
y3J/1e, yYUTbIBaIOLLas JIorn4eckme
3aBUCUMOCTU B OPraHn3aLmun ux
nepemeLyeHus B LeJIOM U BMECTE

C TeM OTAe/IbHbIX JIOAEH Y rpynr.
lMoka3aHbl ¥ MOJTy4NJIN CBOIO TPAKTOBKY
BCe BO3MOXHbIe TUIbI Orepawyuii,
Habiogaembie B MOA4EINPYEeMOM
npocTpaHCTBe u nNpeanonaraowme
peakuuy yrnpassiioLynx YyCTPOKHCTB.
Pa3sHble no c/10)XHOCTY cUuTyauumn

C opraHusaumesi NnaccaxuporoToka
OLeHUBaIOTCS NPy 3a4aHHbIX
apPXUTEKTYPHO-MIaHUPOBOYHbIX
peLueHnsX v pa3Mmepax KoMrsekca.

KntoyeBbie ciioBa: TpaHCNnopTHO-
repecanoyHbIe y3Jibl, TacCaxupckmne
repeBo3ku, MareMaTnyeckoe
MoZaesmpoBaHue, rnaccaxupornoToku,
JIOrviKa MoBeAeHUs naccaxupa.
|
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MNPOBJIEMbI YTIPABJIERWA

MoaenupoBaHue
naccaxuponoTtokoB B TIY

Baxyaenxo Cepeeii Ilempo-
8uM — KaHouoam mexuu-
ueckux HayK, npogeccop,
Oupexmop Hncmumyma
VNPAGAeHUs. U UHGOpMAauu-
OHHbIX mexHonoeuil Mockog-
CK020 20CY0apCmMBeHH020
VHUGepcumema nymeii cooo-
wenus (MUUT), Mockea,
Poccus.

Jloenun Buxmop Bacuave-
8uM — 00KMOp MeXHUHECKUX
Hayk, npogeccop MUUT,
‘Mockea, Poccus

Espeenosa Hadexcoa
be6HA — achuparm u ac-
Hapexaa EBPEEHOBA 0p
Nadezhda Yu. EVREENOVA Gucmerm MHHT, Mockea,
0CCUA.

paHCIIOPTHO-TIepeCcamOYHbIil y3ea

(TITY) — cnoxHast cucTeMa, COCTOSI-

asi U3 TMCKPETHOTO MHOXECTBA Iac-
CaXXMPOB, TIEPEMEIIAIOIINXCS B TUCKPETHOM
IIPOCTPAHCTBE B TUCKPETHBIC MOMEHTHI Bpe-
MEHM, U IIPU 3TOM OTIEJIbHO B3SThIN KaXKIbIA
Imaccaxxnup MOXET aBTOHOMHO, HE3aBUCHUMO
OT IPYIUX IMPUHUMATh PEIICHUE O TOM, YTO
HEOOXOIMMO caesaTh Ha CJeAYIOIIeM Imare,
HUCXOIST M3 aHalIM3a CBOEro COOCTBEHHOTO
IMOBEACHUS W COCTOSIHUS BCEl CHCTEMBI.
Jlast MogenrupoBaHuUsl MOJOOHONM CUCTEMbI
HEOOXOIMMBI TIPUHITUIIBL, YIUTHIBAIOIIINE, UYTO
B OCHOBE OpraHM3alINM IBUKCHMS ITacCaXKu-
POIIOTOKOB M TIEpEeMEIIeHMUS OTACAbHBIX
YJaCTHMKOB OOIIIETO IpoIlecca JIeKaT JIOTH-
yecKMe 3aBUcuMocTu [1].

Pemenne 3amaun mocTpoeHUSI MaTeMaTH -
yecKoit Momenu ¢hyHKIuoHupoBanus TITY
ITOKa3aHO Ha TIPUMePe TIPEATTPOCKTHBIX IIPO-
paboToK. AKCOHOMETpHUUECKasl cxeMa y3jia
npuBeneHa Ha puc. 1. OcoOblii mHTepecC Ipe-
CTaBIISICT €T0 BTOPOM ypoBeHb (puc. 2), T0-
CKOJIBKY UMEHHO 31IeCh CKOHIICHTPUPOBAH
HanOOJBIINI MPOIEHT TeXHOJOTUUECKUX
ronraneit. JIst paccmMaTpruBaeMOro mpearnpo-
€KTHOTO BapuaHTa B mpoctpaHcTBe TIIY
GopMUPYIOTCS CIIETYIOIIIE TTACCAKNUPOTIOTO-
KU:



3ans oxudaHUS

KOMMYHUKaULU dns
nepeMeweHus
naccaxupob Mexdy
paznuyHeMu Budadu
mpaHcnopma
Brympu TNY

3CKOAOMOpH
[Brixod Ha
nnamgopmyl

Memannouckamenu

3006 0xudaHus

3CKanamapel

3CKanamopsl

MEemannouckamenu I_ |ITlI=|L]HI_IKEII'IH

I MyPHUKEMS!

Hemannouckamenu | L

NAGMQOPHH

Puc. 1. AkcoHomeTpu4yeckas cxema TITY: pasameLeHne OCHOBHbIX YCTPOWCTB U HanpaB/1eHUs ABUXXEHNS
OCHOBHbIX MTaCCaXXUpPOoroTOKOB.

VU — maccaxupbl ¢ IPOE3IHBIMU TOKY-
MEHTaMu, MoIajaampliue Ha 2-i aTax ys3jia
C TIOMOIIIbIO 3CKAJIATOPOB U JBUTAIOIIUECS
B HampaBJeHUU TYPHUKETOB BX0O/1a Ha Iac-
CaXUPCKYI0 MmIaThopMy K IPUTOPOIHBIM
rnoes3aM;

V' — rtaccakuphbl ¢ MPOE3IHBIMU TOKYMEH -
TaMU, CJICIYIOIIMe Ha TIepecasKy C MOHOPE/Ib-
COBOTO TPAHCIIOPTA B HAIIPABJIEHUM TYPHUKE-
TOB BXOj/la Ha MacCaxKUpCKywo IiaTrdopmy
K IIPUTOPOIHBIM I10E31aM;

VP — maccaxkupbl C IPOE3AHBIMM JOKYMEH-
TaMM, TIOJIb3YIOIIMECS] TAPKUHIOM U IBUTaI0-
1MeCcs B HAIIPAaBJIEHUU TYPHUKETOB K IIPUTO-
POIHBIM ITOE3/1aM;

C" — mraccaxkupsl, Iorajgamolie Ha 2-i
otax TITY ¢ moMolibplo 3cKanaTopoB U Ha-
MpaBJISTIOIIMECs K KaccaM, a 3aTeM K TYpHU-
KeTaM IMPUTOPOTHOTO COOOIICHUSI;

Cmk — maccaXkpbl, CJIeIyIOIIMe Ha Tiepe-
cajiky ¢ MOHOPEJIbLCOBOIO TPaHCIIOPTa K Kac-
caM, a 3aTeM K TYpHUKETaM IPUTOPOIHOIO
COOOILIEHMUS;

CPk — maccaxupbl, MOJIb3YIOLIMECs map-
KWHTOM M HaIlpaBJISIOIIMecs K KaccaMm, a 3a-
TeM K TypHMKETaM BXOJa Ha MacCaXXMpPCKYIO
miaTdopmy;

WU — maccaxupbl, IpUOBIBLINE B IPUTO-
POJIHBIX BJIEKTPOIIOE31aX 1 CJeAYIOIINE Yepe3
TYPHUKEThI BbIXOJIA C MAacCaXKMPCKUX ILJIaT-
dbopM Kk ackanaropy;

WPt — maccaxkupsbl, IpUOBIBLLIME HA JTWY-
HOM aBTOTPAHCIIOPTE U CJIEAYIOIIMe K 3CKa-
JIaTopYy;

Wmt — maccaxupbl, MPUObIBLINE MOHO-
pPEJIbCOBBIM TPAHCIIOPTOM U CJIEAYIOLIUE
K 3CKaJlaTopy;

WP — maccaxupbl, TpUObIBIINE B TTPUTO-
POJIIHBIX 3JIEKTPOIIOE31aX 1 CJICAYIOIINE Yepe3
TYPHUKETHI BBIXOA C MAcCaXKMPCKUX ILIAT-
(opmM Ha «mepexBaThIBaIOIILYI0» TAPKOBKY;

WM — maccaxupbl, MIPUOBIBIINE MOHO-
pPEIbCOBBIM TPAHCIIOPTOM U CJIEAYIOILIUE
Ha «I1epeXBaThIBAIOIILYIO» TAPKOBKY.

TToMuMO TIepeurCAeHHBIX MACCAXKUPOIIO-
TOKOB B mnpoctpaHcTBe TITY MoxeT ObITh
HE3HAYUTEIbHOE YMCJIO JIIOCH, CIASIYIOIINX
B 3aJIbl MJIU U3 3AJI0B OXKMIAHMS, HATIPABJISIIO-
IIHUXCS K 00BbEKTaM CEPBUCHOIO OOCTYXX1Ba-
HUS WIM oT HUX U T. . OnHako B TITY ux
JI0JIsT HACTOJIBKO MaJia [0 CPaBHEHMUIO C OCHOB-
HBIMU 1aCCaKMPOIIOTOKAMU, YTO OHA HE MO-
JKET MOBJIMATH Ha YCTOMYMBOCTD U 3(PHEeKTUB-
HOCTb (DyHKIIMOHMPOBAHUS y3J1a.

C LIeJIbI0 COKpallleHUs 00'beMa OIMMCaHUs
CXOJIHBIX 110 TOBEACHUIO MOTOKOB MX BHJIbI
OYIyT TOJBKO YIOMSIHYTBI, & IPX HEOOJIbIINX
OTJIMYUAX APYT OT Ipyra HaloyT oTpaxeHue
JIMIIb MX TUITMYHbBIE 0co0eHHOCTH. [TpocTpaH-
crBo TITY mpencraBieHo B Buie pa3oUTOI
Ha 30HBbI JeHTHl (puc. 3). B kaxmnoii 30He
MOXKET OBbITh 3alIMCaH TOJILKO OAWMH CHMBOJI
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Brxogc
TEpeXBaTEL-
BaKOmeR

NAPKOBKH

Brmxozgc
mmatdhopm
TPHIOPOZJHOTO
coobmrenna

Puc. 2. MnaH BTOPOIro SckanaTopsr
aTaxka n HanpasJsieHus uma/c l-ro
ABVXeHus aTaza TIIV
naccaxmporioToKkoB
Tny.

u3 andasurta Y, coaepXalindii ciaemayolme
nepeMeHHbIe [2]:
Y ={S.B.V,,R,.N,}. (1)

CHUMBOJIBI Bj XapaKTepU3YIOT He3aHs-
TOCTb 30HBI KAKUM-JTUOO 0OBEKTOM; S, —
anpeca nyHktoB TIIY; V| — TpaHcrnopTHbie
00beKThI (maccaxupbl); R — mecra Bo3-
MOXHOTO M3MEHEHMSI MaplLIpyTa ABMXKEHMS
rmaccaxupa v BbIoopa JajIbHeiIIero Harmpas-
JICHUS Np — IPENsITCTBUS HA TYTH CJIEI0-
BaHMSI.

IMepemerienne o0obekTa V, OCyIECTBIISET
yhpasJiistioniee (MCIIOJIHUTEIbHOE) YCTPOMCT-
BO (;, KOTOPOE 00J1a1aeT CITOCOOHOCTHIO ITPOC-
MaTpUBaTh OJAMXKaWIIKE COCEIHUE 30HBI
U IIepeMelaTh 00bEKT BIIEPE/l WIM Ha3al.

Co0OBITHSI, KOTOPbIE BO3HUKAIOT B ITOJ00-
HO MOJEJM, U peaKIuu TPAHCIIOPTHOTO
orepaTopa OIMCaHbl BEIPaKEHUEM:
5BSTE, 2)
q; q

TJie TIepBasi TPOifKa CUMBOJIOB

] nnampopre cmasuuy Turupsiebckos

Bxogna
_ == gbuxenue
TIEPEXEATEL naccoxuponomoxol b
EBAROIIYEY my
[_J20Pu30HMOAGLHYE KOMMUHUKAUUU
TIAPKOEKY 0BCAYXUbaDULLE NeperewEnUe
naccaxupob nexdy budaru
MpaHCNopma
[kacca
[_J30ne oxudosus
[ mypHukeme, wio2doyrs

[EENIbepmuKaALHEE KOHMYHUKOUUU
MHozoypobHebul 2apax
[E=mex. u odn. non. HHozoypobueboin
napkobixu: DEHMKAMe[Y, HOCOCHOS,
c/y, oxpona u dp

Ilepexonc
MOHODEIBCE
7%
—B 3)
q;
XapaKTepusyeTr CO6LITI/IG, a Bropas —
V
ST 4)
q;

OJIHY 13 BO3MOKHbBIX PEAKIIUIA TPAHCITOPTHO-
TO oreparopa.

ITon TpaHCHOPTHBIM OMEPATOPOM MOHU-
MAalOT KOHEYHYIO COBOKYITHOCTb ONepaluit,
Cpeay KOTOPBIX HET OTepaluii C OMMHAKOBBI-
MU HadaJIbHBIMU TpoWiKaMu. B 11eom coBo-
KYITHOCTH (2) O3Ha4yaeT JOTUYEeCKylo orepa-
LIUI0, KOTOPasi MOXET OBITh UCTIOIb30BaHA IS
YIIpaBJIE€HUS TPAHCIOPTHBIM MPOLECCOM
Ha KaKOM-TO Iiare ero pa3putus. [Ipu pac-
CMOTPEHUH BCEX BO3MOXHBIX TUTIOB JIOTUYE-
CKMX oMepaluii uCojb30BaHO MHOXECTBO D,
XapaKTepU3YyIolllee peakluy yIpaBiIsIoNIero
YCTpOWCTBa q;

D={ST,RE,EX,R,L,R(S,)}, (5)
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A

Puc. 3. Pazbuska npocTtpaHcTtea TI1Y Ha 30HbI.

roe ST — KoMaHaa Ha TlepeMelleHre Ha OOUH
miar no xoay apuxeHust; RE — komanga uz-
MEHEHMS HallpaBIeHUs ABrkeHus; EX — Ko-
MaHJla OXXMIAHUSI WU OCTaHOBKHU; R — Ko-
MaHOa Ha M3MEeHEHUs HaIlpaBJICHUS IBIKE-
HMs Hanpaso, a L — naneso; R (S,) — koman-
Jla Ha BBIMTOJTHEHME OJHOTO 11ara oT 30Hbl R
K 30HE S,.

Wcnonb3ysl 1eMOHCTPUPYEMYIO TEXHOJIO-
T110, paCCMOTPUM MoBeaeHue notoka V. Ero
oInMcaHue OyIeT UMEThb BU:

ub ub ub ub
Vi BSTV Vi BSTV
qo 4, ‘Il 9,
ub ub ub us
V= gtV VT prYi
qp- a4, 4, 4o
Ve gt Vi psr¥ .
N
BST——;——KI,L——;
qs—l qs qs qO
Vi BSTV V —C, EX——;
QO QO QO qq
Vux ux
B(d)ST(d)"—
0 4
Vux Vut
"0 ey (o)
49, qo

ut
YCry(oysTY,
4q 4y

B (6) Kl — nuHus mociaenHen Kacchl,
3a KOTOPOI ITaccaXkup IMOBOpaYMBaeT HAJIEBO
K KaKoMy-To U3 TypHukeToB TU ; s — yncio
1IaTOB, KOTOPOE ClIe/IaeT MaccaxKup 10 IepBO-
ro II0BOPOTA HajIeBO; b — YKMCIIO 1IaroB, KOTO-
poe cieiaeT maccaxup 0 MepBOro IoBopoTa
HAampaBo; X — YKCJIO 11IaroB IOCJe IIOBOPOTa
JI0 TYpHUKeTa z; t — (ha3a ABUXKEHUs Iacca-
JKUpa 1ocJie mpoxoa Typuukera z; C, — nac-
caxupbl Kacchl f, obpasylouiue oyepeau
y BXoJa K IniaTopMaM IPUTOPOIHbBIX I1O€-
3n0B; TU (¢), TU (0) — TypHMKETBI 3aKPHITHII
U OTKPBITHIA COOTBETCTBEHHO.

B onrcanuu moBeneHMsI MOTOKA MACCaK-
poB (6) He BCe OHM, COMIS C ACKATATOPHOTO
MOJIOTHA, TTOBOPAYMBAIOT HAMPABO K BXOIY
Ha TIaT(OPMbI TTPUTOPOTHOTO COOOIIIEHUSI.
M MoxHO crenarh enié HeCKOJIbKO 111aroB
BIIEpEN, a 3aTeM MOBEPHYTh HAJEBO. DTOT
BBIOOD 3aBUCUT OT MHOTUX MIPUYMH: pU3nye-
CKOe€, TYIIIEBHOE COCTOSTHUE, COCTOSTHUE TTPO-
CTpaHCTBa (€T0 CBOOOIHOCTD) U T. JI., U TIOTO-
My OH MOJEJUPYEeTCs] Ha OCHOBE CIIydaiiHOM
3aBUCUMOCTU:

s, = 10p, 7)
rzie p,— ciydaiinoe yucnoor 0 1o 1, okpyris-
eMoe 10 TIepBOil LIUDPHI MOCIe 3amsITOM.

Y4uThiBast 0COOEHHOCTH TTAHUPOBOYHOM
cTpyKTypbl TITY, MOXHO PeINoJ0XUTh, YTO
naccaxupororokam VU, V" VP ciienyioimmnm
MHUMO Kacc K TypHUKETaM BXOJa Ha TPUTO-
POJHYIO TTACCAXUPCKYI0 TIaTopmy, mpu
00JIbLLIOM eT0 BeJIMYMHE Le1ecO00pa3Ho ciie-
JIOBATh uyepe3 OOJIbIIINE OUepeIv K KaccaM. Dta
CUTYaIUs B OMMMCAHWU TTOTOKA (6) MOAEIUPY-
eTCS CICAYIONINM (parMeHTOM:

ux ux ux ux
Voo mx "V paysrayti.
4 4@ 4 4

CoBOKYITHOCTb BbIpaxkeHul (9) xapakre-
pu3yeT moBeJeHre naccaxupornoroka CUx,
CyOBEKTBhI KOTOPOTO HYXIAIOTCS B TIPUOOpeE-
TEHUU MPOE3IHbIX OuIeToB B Kaccax TITY:

®)

Cuk BST Cukb qukb BST Cukb )

a a g a0,
ukb ukb ukb uks
C';_ TS ,C'. BrG .
q,., % Qb CIO

uks uks uks
C",. BsTS S per S
9 9 4 q,

uks uks ukf
C BsTS S S
qs—l qs qs qO

ukf ukf ukf ukf
C psr(nG S v xS

a0 4@ 49 0
Cukf ukf
B(d)ST (df )

®
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ukf ukh u ukh
G KEX(t)C C"l. KRC :

qo ql q, q()

ukh ukh

BST(z)

4q, 4y

ukh ukh ukh ukt
C v (o)1U,(0) S S U (0)sTE.

O 0 0 qO

3nmech f — (paza nBUXKEHMS maccaxupa
OT MOMEHTA BbIOOpa KacChl 0 TTOKYIIKU O1-
Jeta; C¥ — maccakuporoToK, OXUIAIOIINA
o0cTyX1BaHus B oyepean K Kacce; K, —xac-

ca c HoMmepoM ; EX(¥) — Bpems, 3aTpaunBa-

eMoe KacCUPOM Ha mpoaaxy ouieta; h — ¢a-
3a IBUKEHUS Taccaxkxupa Iocje MOKYITKU
Owiera v 10 TYPHUKETOB.

B onucanuu C** (9) maccaxup nocie mno-
BOpOTa HaJIeBO K KaccaM IPUHUMAET pelle-
HMe, K KaKOI Kacce OH OyJIeT IBUTaThCs Aajiee.
DTO OH JAeNaeT, UCXOIsl U3 JUIMHBI oYyepeaun
repe Kaxk 10l 13 Kacc, B COOTBETCTBUU C BbI-
paxkeHueM:

K,=min (R, R, Ry, (10)
rae R, — mmina ouepenu mepen i-il Kaccoit,
a raccakup BbIOMpaeT st ceOsI TY, YTO C MU~
HUMaJIbHOI ouepennio cpeau f kacc. ITocie
aroro C*™ npeodpasyercst B cuMmBos C, yro
03HayvaeT HavyaJio HOBOM (pa3bl — MPOUCXOIUT
nekenne ST (f) kK BeIOpaHHO# Kacce f. Daza
MMPOJOJIXKAETCS 10 MOMEHTA MOCTHUXECHUS
«CITMHBI» MOCJIEIHETO OXUAAIOIIETO OuieTa
B 3TOU ouepeau.

IMaccaxup, HaxoasICh B O4Y€peIr, HE MOXET
JIeJIaTh ITOJIHBIM 111aT, TaK KaK 30Ha Iepe HUM
3aHsTa. Torna oH HAaYMHAET IBUTaThCsl «ITOTH -
XOHBKY», JleJiasi HeToJHbIi mar. Eciu ocBo-
0oxpaaeTcs 4yacTb 30HBI pazmepom B (d),
TO M TIAaCCaXMp JeJIaeT MepeMeIieHne COOT-
BeTcTByloLIero pasmepa ST (d). BupryanbHo
B IPOCTPAHCTBE MMEETCSI MHOXKECTBO CETOK
C Pa3IMYHBIM IIaTOM OUCKpeTU3auuu d.

AHaJOTMYHBIM 00pa30M OIMCHIBAIOTCS
naccaxkuporotoku Cmk i CPk,

Hawub6osee mpocThIMK OKa3bIBAIOTCS ITOTO-
ku npubkiBatoux B TITY nmaccaxupos, no-
CKOJIbKY OHM He HarpyXeHbl HeOOXOIMMO-
CThIO pelllaTh KakKue-Jubo 3amadyu, KpoMme
OJIHOI: BBIMTHU U3 y371a. Harpumep, maccaxu-
pbel WPU ¢ «IiepexBaThiBalolIeii» MapKOBKU
CJIEIYIOT TIPSIMO Yepe3 paclpeneuTeTbHbIIA
3aj1 K ackajaTtopy (11):
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pu pub pub pub
W ppst M W per Wi
q() ql ql qZ
pub pub pub pur
W psp Wi W pp?”
9y 4 4 9
pur pur pur pur
I/I/ii BSTWX ’I/I/t I,I/]purEX(r)u/ii ;
q, q, 4, 4q,
Wpur Wpur
 p(aysT(a) an
qo qO
pur pue
ud ESST ud
qo qo

rne EP — nunus Bxona Ha 2-# srax TITY
C «TlepexBaThiBaiolieii» mapkosku; EX (r) —

BpeMsl, 3aTpaurMBaeMOe MacCakupoM B OXU-
JlaHWU BXoJa Ha ackajatop; ES — nuHus Ha-
yajia 3cKajaTropa, paboTalolero Ha CITyCcK;
€ — MHJAEKC Mmaccaxupa, MOKMHYBIIETro 2-i
arax TITV.

ITo dparmMeHTaM omnucaHMs MACCAKUPO-
notokoB TITY MoxHO 3aMeTUTh, YTO HAK0O-
Jiee CJIOXKHAsI CUTyallus M0 OpraHu3aliuu
accakPONOTOKOB ITPU 3aJaHHOM apXUTEK-
TYPHO-ILJIAHUPOBOYHOM PEIICHUM CKJIaIbIBa-
€TCs1 B LICHTPAJbHOI YacTy 2-TO 3Taxa Irepe-
CaJI0YHOrO y3a.

BbiBOAbl

ITpuMeHeHMe TTPUBEICHHON TEXHOJOTHH
G opMaIM30BaHHOIO OIMMCAHUS MACCAKUPO-
notokoB TTIY no3BosisieT cucTeMaTU3MpPOBATh
MpeACTaBJICHNE O Mpolieccax, MPOTEKAIOIINX
B HEM, M ITPOAHAIM3MPOBATh OOIIME CBOMCTBA
TPAHCIIOPTHBIX CUCTEM, a0CTParupysiCh OT Ie-
TaJiel, XapaKTepHBIX JIJIsI KaXKI0T0 OTIEIbHO-
ro BHUJIa TPaHCIOPTA WJIM CUCTEMBI, a TAaKXKe
YUYeCTh JIOTUYECKIE 3aBUCHUMOCTH B OpraHU-
3alMU OIBIKEHUS U TTepeMEIeHUM ITacCcaku -
POB.
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ABSTRACT

The authors consider a descriptive part of
passenger flows simulation in a transport interchange
hub, which takes into accountthe logical dependencies
in organizing relocation of passenger flows, individuals
and groups. All possible types of operations observed
in the simulated space and assuming the reaction
of control devices are shown and get their own
interpretation. Different complexity of the situation
with the organization of passenger traffic is estimated
given architectural and planning decisions and the
size of the complex.

ENGLISH SUMMARY

Background. Transport interchange hub
(hereinafter-TIH) is a complex system consisting of
a discrete set of passengers traveling in a discrete
space at discrete time, and thus taken separately, each
passenger can autonomously, independently of the
others make a decision on what needs to be done in
the next step based on the analysis of his own behavior
or state of the entire system. For the simulation of such
a system certain principles are required, taking into
accountthat the basis of the organization of movement
of passenger and movement of individual parts of the
overall process are logical dependencies [1].

Objective. The objective of the authors is
to provide a descriptive part of passenger flows
modeling in a transport interchange hub.

Methods. The authors use mathematical method,
modeling, analysis and descriptive method.

Results. Solution of a task to build a mathematical
model of TIH functioning is illustrated by pre-design
studies. Axonometric scheme of TIH is shown in Pic.
1. Its second level (Pic. 2) is of particular interest,
because it is the area with the largest percentage of
technological areas. For the considered pre-design
option in TIH space the following passenger flows
are formed:

Wait. areas

Communications
for passengers to
move between
different modes
of transport
within TIH

Escalator
(exittoa
platform)

Metal detectors.

Metal detectors Turnstiles r [ Turnstiles Metal detectors —I

‘Wait.areas

Moscow, Russia.

V¢ — passengers with travel documents that
come to the 2" floor of TIH via escalators and move
in the direction of the turnstiles of the entrance to
a passenger platform to commuter trains;

V" — passengers with travel documents moving
for an interchange from a monorail transport in
the direction of the turnstiles at the entrance to a
passenger platform to commuter trains;

V" — passengers with travel documents, using
parking and moving towards the turnstiles to
commuter trains;

CUuk— passengers arriving at the 2nd floor of TIH
via escalators and moving to ticket desks and then
to the turnstiles of commuter trains;

Cmk — passengers, moving for an interchange
from monorail transport to the ticket desks and
then to turnstiles of commuter trains;

Crk — passengers using parking and moving to
ticket desks and then to turnstiles of the entrance
to a passenger platform;

WY — passengers arriving in commuter electric
trains and moving through the turnstiles of the exit
from passenger platforms to the escalator;

Wrv — passengers arriving with private vehicles
and moving to the escalator;

Wm —passengers arriving with monorail
transport and moving to the escalator;

WP — passengers arriving in commuter electric
trains and moving through the turnstiles of the exit
from passenger platforms to «intercept”;

W™ — passengers arriving with monorail
transport and moving to the «intercept» parking.

In addition to these passenger flows in TIH
space there can be a small number of people,
moving to or from waiting areas, to or from objects
of service, etc. However, their share in the TIH is
so small compared with the main passenger flows,
that it cannot affect the stability and efficiency of
the TIH.

Pic. 1 Axonometric scheme of TIH:
location of main facilities and direction of
movement of main passenger flows.
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Pic.2. Second floor plan and direction of passenger
flows within TIH.

To reduce the scope of the description of similar
behavior of flows their types will only be mentioned
and in case of small differences from each other only
their typical features will be reflected. TIH space is
represented as a band divided into zones (Pic. 3). In
each zone only one symbol of the alphabet Y can be
written, containing the following variables [2]:

(1)

V=[5V, RN}

Symbols Bj mean that the zone is not occupied
by any object; S, — addresses of TIH facilities; V, -
transport objects (passengers); R, - places of
possible route changes of a passenger and choice of
following direction; Np — obstacles on the way.

Displacement of the object V,is performed by a
controlling (executive) unit a, which can overlook
the proximate adjacent areas and move an object
forward or backward.

Events that occur in this model and reaction of
transport operator are described by the expression:
A BST 4 s (2)

q; '

where the first three symbols

Vip

4;

characterize an event and the second —
ST 4 (4)

g
characterize one of possible reactions of a transport
operator.

A transport operator is a finite set of operations,
among which there is no operation with the same initial
threes. In general, aggregate (2) means a logical
operation which can be used for management of
transport process at some stage of its development.
When considering all possible types of logical
operations a set D is used, which characterizes the
response of the controlling unit q;

(3)
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D={ST,RE,EX,R,L,R(S,)}, (5)

where ST — a command to move one step in the
direction of travel; RE — a command to change a
direction of motion; EX — a command to wait or stop;
R —acommand to change a direction of motion to the
right, and L - to the left; R(S,) — command to perform
a single step from zone R to zone S,.

Using the described technology, the authors
consider the behavior of flow V. Its description will be:

ub ub yyub ub ub w prub us
I/"—iBSTI/"i ;V"i BSTV",, ,,V’, BSTV",, ;V",. BRI/fi ;
q, 4 4 a0 4y 4y 4 qy
V:'—iBSTV"i ;V"I. BSTV;i ,,VE BSTV;i ;V"i I(llLV;i ;
49 4 > 51 s 4 4
V‘V. BST = ,V’i C EX ,V’ B(d)ST(d)V'i ;

o ) o o 9

ux ut

L_TU (¢)TU (0)——; (6)

In(6) KI, - line of the last ticket desk, behind which
apassenger turnsto the left to one of turnstiles TU ,; s —
number of steps that a passenger will make to the first
turn to the left; b — number of steps that a passenger
will make to the first turn to the right; x — number of
steps after the turn to the turnstile z; t — phase of
passenger movement after passing the turnstile z;
C, - passengers of a ticket desk f, forming a queue at
the entrance to the platforms of commuter trains; TU
(c), TU(o) - open and closed turnstiles, respectively.

In the description of behavior of passenger flow
(6) not all of them after going down from the escalator,
turn to the right to the entrance to commuter trains
platforms. They can make a few steps forward, and
then turn to the left. This choice depends on many
factors: physical, mental state, the state of space
(whether it is free), etc., and because of this it is
modeled on the basis of a random dependence:
s,=10p, (7)
where p,— a random number between 0 and 1,
rounded to the first digit after decimal place.

Given the characteristics of TIH planning structure,
it is possible to assume that passenger flows W, V",
W, moving past ticket desks to the turnstiles of the
entrance to commuter trains platform, whenitis large,
should move through long queues to ticket desks. This
situation in description of a flow (6) is modeled by the
following fragment:

L
4, 49, 4,

Set of expressions (9) characterize the behavior
of a passenger flow C%, the subjects of which need
to buy ticket at TIH ticket desks:

B(d)ST(d)

VMX
. (8)
q

e
0

uk ukh kb ukb kb kb kb uks
C"i BSTC",. ;Cfi STC",. ;...;Cj BSTC"i ;C"V. BRC",. ;
9y 49 49 9 qy 4 49 qy
ks ks ks uks uks uks ks ukf
C"—[.BSTC". ;C"i BSTC‘,. ;...;C‘i BSTC",. ;C‘i KI,LC“. R
9 9 4 3 [/ 4q; s 4
c cw c cw c ukf
S BST() S EX S S Ba)ST ()~
q, 4y 49 o o 0
c Cukh Cukh Cuk Cukh ukh
liinEX(t) ’i ; Ii KfR/ii; ‘i BST(z) ‘i 3(9)
q, | | o 0 qy



! n
s BBB|. . .|BlH |S |[H|B .../ B/B B|S
Qo
Pic. 3. Division of TIH space into zones.
c c C""” C”"’ move directly through the distribution hall to the
q; TU( ) U( ) q ‘10 ( )ST 40 escalator (11):

Here f is a phase of a passenger movement
from the moment of choice of a ticket desk to the
purchase of a ticket; C" — passenger flow, waiting
ina queue to be served at a ticket desk; K, - ticket

desk with number f; EX(t) - time, which is taken

by a cashier to sell a ticket; h — phase of passenger
movement from the purchase of a ticket to the
turnstiles.

In describing C'(9) a passenger after turning
to the left to the ticket desks, make a decision to
which ticket desk he will move. He makes it, judging
from the length of a queue in front of each ticket
desk, according to the expression:

K.=min {R,R, R}, (10)
where R isa Iength of the queue in front of i-th ticket
desk, and a passenger chooses the one with the
minimum queue among f ticket desks. Thereafter
CU* converts to the symbol C“¥, which means the
beginning of a new phase - movement ST (f) to the
selected ticket desk foccurs. This phase continues
until a passenger reaches the «back» of the last
person, waiting for a ticket, in this queue.

A passenger, while he is in the queue, cannot
make a full step, as the zone in front of him is
occupied. Then he begins to move «slowly» making
incomplete step. If a part of the zone with the size B
(d) is released, and then a passenger respectively
makes a step with the size ST (d). Virtually in
space there are many grids with different sampling
increment d.

Passenger flows C™ and CrPx are described
similarly.

The simplest flows are flows of passenger
arriving at TIH, because they do not have to
solve any problem, except one: to exit TIH. For
example, passengers Wr' from «intercept» parking

pu pub 137 pub pub
i EPST —— i W BST—— W, e
qo ql ql qz
pub pub pub pur
W psp Wi W g™
/= q 9, qy
pur pur 7 pur pur
i BSTW W, W”"'EX( )W ;
% 4, qo 4y
Wpur Wpur ( 1 1)
" p(aysT(e) ¥
40 qO
pur pue
i —— ESST —— Ld
% qO

where EP - line of the entrance to the second floor
of TIH from «intercept» parking; EX(r) — time

spent by a passenger, waiting to enter the
escalator; ES - line of escalators operating in
descending direction; e — index of a passenger
who has left the second floor of TIH.

Using fragments describing TIH passenger
flows it be seen that the most difficult situation for
the organization of passenger traffic at a given
architectural and planning solution, is in the central
part of the 2nd floor of TIH.

Conclusions. Application of the technology of
the formalized description of TIH passenger flows
makes it possible to systematize understanding
of the processes occurring in TIH and to analyze
general properties of transport systems,
abstracting from the details specific to each mode
of transport or a system, as well as to take into
account logical dependencies in the organization
of passenger traffic and passenger movement.

Keywords: transport interchange hubs, passenger transportation, mathematical modeling, passenger

flows, passenger behavior logic.
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Ao cux nop Tak n He onpeaennoch

A0 KOHL|a OTHOLLE€HUEe CreLnaincToB

K jes1ecoo6pa3HOCTH UCTOJIb30BaHUS
JKes1e3HO40POXHbIX BETOK, MPOXOAALYNX
o TepPUTOPUN KPYIHbIX FTOPOAOB,

/AJ151 MeCTHbIX MacCa)>XNPCKNX
nepeBo3ok. Mpobnema Takoro poaa
ectb B MockBe u Apyrux pocCumcknx
meranonucax. B gaHHOM cnyyae peyb
uaer o «ropoACKoON 3/1IeKTPUYKe»

B 6esnropycckori cronuue MuHcke,

roe cpopmMupoBaHbl LiesieBbie
naccaxupckue JIMHUU U COMyTCTBYyoLLast
M nHgpacTpykrypa. U ato genaercs

B COOTBETCTBUM CO cTparernei
pasBUTUS rOPOACKOM TPAHCIMOPTHOM
ceTu, Ha OCHOBEe KOoOpAUHaLun
MapLLUpPyTOB pa3HbIX BUAOB TPaHCopTa
¥ naccaXxmporoTokoB, KOTOpbIe
oTrBeYasnivi bl NOTPEBHOCTSIM HacesIeHNsl.
ABTOp nosieMn4yeckun 3aoCcTpsiet

Temy vl CTaBUT BOMNPOCHI, BIIOJIHE
npaBoMepHbie AJ1s1 HbIHEeLLIHEero gHS.

KrntoyeBsie csioBa: ropoackosi TPaHCropT,
MPUropoAHO-ropoacKoe coobLyeHme,
rOPOLACKUNE YHaACTKU XE1e3HbIX

ZI0POr, COBMELLIEHHbIE MapLLPYThI,
raccaxuporoToku, KOOPAMHALIMS BUAOB
TpaHcrnopTa.
|

® MUP TPAHCNOPTA 04°14

«fopoackas anekTpuykan.
Nopa norosopuTtb?

Opa06 Bumaauii Anopeesuu — eedyuuii unicenep
eocyoapcmeerH020 yupexcoenus «CmoauuHsLi mpam-
cnopm u céa3v»>, Munck, Pecnybauia Beaapyco.

HayaJla CTPOUTEJbCTBAa B MMHCKeE

«ropoackux auHui» (2009 r.),

a TakXe cCaMOro MpeaoXeHus
00 ux pokianke (2008 1.) g mo Mepe cCBOUX
CMJI B Pa3roBOpax ¢ COCIYXMBLIAMU U BO-
o011e rae MPUXOIUIOCh CTapalicsl yKa3aTh
Ha MHOTOYMCJICHHbIE 3a0JyXIeHUS U He-
TOYHOCTH, CBSI3aHHbBIE C MOJEPHU3UPOBAH -
HBIM BUI0OM TpaHcmopra. Kcratu, paHblie
OH 1 Ha3bIBaJics 00Jiee MOHITHO — «TOPOJI-
cKasl 3JIEKTpUUKa» M TOJbKO CITYCTSI TOJ-
IOJITOpa CTaJl UMEHOBAThCS «[OPOJACKHE
JIMHUW».

«MONFPAHUYHbIN» KOHDIUKT
[TepBbIM U TJIaBHBIM IIPEIMETOM pa3HO-
[JIaCUil CYMTAIO0 TO, YTO OTCYET BpEeMEHU
IOSIBJICHUSI BHYTPUTOPOACKUX IEPEBO30K
IMacCaXupoB XKeJe3HOJOPOXHBIM TPaH-
CIIOPTOM CJIEIYeT BECTHU C MOMEHTa, KOTaa
JUI UAYIIUX yepe3 MUHCK IT0e310B paciiu-
CaHMEM JBUKEHHUS ObLIU MPEIYCMOTPEHBI
OCTaHOBOYHbBIC ITYHKThI/CTAHILIMM, PACIIO-
JIOKEHHBIE B ero yepre. 2KejaTeIbHO, YTO-
OBl UX Ha3BaHMS CErOIHS YTO-TO FTOBOPUIIU
HaM — MOTOMKaM TeX, KTo B 1871 rony
BCTpeyYaJsl IepBble COCTaBbI, CIeA0BaBIINE
no nuHun CmoneHcK—Opma—MUHCK—
BpecTt. A yX ecan Obl paiiOHBI TOPOACKOI



YepThl, B KOTOPHIX 3TU CaMbie OCTaHOBKU
U CTAaHIIMHU pacIiojiarajuch, TOXE COBIama-
JIX C COBPEMEHHBIMU MpPeacTaBICHUIMU
0 rpaHuIlax ropoja, MpeaMeT cIliopa oKa-
3ajica Obl ucuepmnan. [locne 140-semus
Halllero OCHOBHOTO XeJe3HOMIOPOXKHOTO
IuaMeTpa, KOToOpoe OTMeYaJloCh CpaBHU-
TeJIbHO HENaBHO, MOSBMJIOCH HEMAJO IO-
Je3HOUW MHpOopMaluu, MO3BOJISIOIIEH
YTOYHUTH IeTaJu MPOILIOTO, B TOM YHUCIe
y3HaTh, KaKast U3 «OJMKHUX» CTaHLUI
CJIy>KHJIa TOPOJCKOM OCTAaHOBKOM IJISI TEX
WM UHBIX MMOE3I0B B JajieKoe IlapckKoe
BpeMSI.

Ho Bompoc Hayama BBHIMOJHEHUS BHY-
TPUTOPOICKUX ITEPEBO3OK XKEIE3HOTOPOXK-
HBIM TPaHCIIOPTOM s BCE Xe Ipenaiarawpo
HE OTHOCUTH K IEPUOIY MOSIBJICHUS OCHOB-
HOM XEJEe3HOMU TOPOrM UMEHHO IJIS TOTO,
YTOOBI YepTa rPaHUIIbI TOPOIa TPEACTABIS -
Jach HaM OoJiee SIBHO, a OCTAaHOBOYHBIE
MMyHKTHl HOCUJIM TPUBBIYHBIC HAa3BaHUS.
Tem cambIiM MBI TIepeHOocuMcsI B XX Bek.
W HecMOTpsI HA TO, UTO KEJIE3HOAOPOXKHAS
kapta npuropona 1920—1930-x ronoB OyaeT
OJIMKe U TTIOHSITHEE, TIpeajiarai T0MOJIHUTh
KpUTEpUH ITOUCKA, OTHECS paccMaTpuBae-
MBIII BOIIPOC K MOCJICBOCHHOMY BPEMEHHU.
Bo-miepBhIX, coBpeMeHHbIe TpaHulibl bema-
pych obpena nocie Benukoii OreyecTBeH-
HOI1 BOMHBI. BO-BTOpBIX, BecoMoe yclioBuE,
OT KOTOPOTrO CTOMT BECTU OTCUET Havajia
BHYTPUIOPOACKUX TEPeBO30K B MUHCKe
MOTOP-BaroHHBIM ITOJIBMKHBIM COCTaBOM —
SIeKTpUGUKALINS.

Kak n3BecTHO, MEPBHIM Y4aCTKOM Ma-
TUCTPaIv, Ha KOTOPOIt OHA ObLIa OCYIIEeCTB-
neHa, ctal MuHck—OJeXHOBUYM B JeKa0-
pe 1963 roma (tak uto mociye 150-meTus
benopycckoit 4yryHKM HACTYITUII 30JI0TO
I00MIel U caMOro MpoTrpPeCcCUBHOTO BUA
TITU). 3HAYUT, BO3SMOXHOCTD OCYIIIECTBUTD
MMOE3KY JIEKTPOIIOE310M B UePTE CTOJINY -
HOTI'O TOPOJIa €ro XXUTEJIU U TOCTU IOJIYININ
MMPpUMEPHO ToJIBeKa Ha3al.

Topon (M OKpeCcTHOCTH) yXKe UMEIUu
MMPUBBIYHBIE OUEPTAaHUSI, a Ha3BaHUS BBI-
MMOJIHSIEMBIX «3JIEKTPUYKAMU» OCTAaHOBOK
ObLIM 3HaKOMBI Ha cinyX. [1o upoHuu cyab-
0b1, ZKTaHOBMYCKUIT YJ4aCTOK (HBIHEIITHUE
«TOPOJCKHUE TUHUN») — 3TO MOJIOAeYHEH-
ckoe (T. e. OJIeXHOBUYCKOE) HampaBIeHUE.
K cnoBy, bopucosckoe, CtonbuoBcKoe
n OCUIIOBUYCKOE HAIpaBICHUS BJIEKTPU-

dunuposanu B 1973—1975 romax (TaK 4to
JoexaThb ¢ Bok3asa B «Konganun», «Koo-
auin», «KypacoBinuHy» MUHYaHE MOTJIU
yxke Torna). CeromgHs e MPOTIKEHHOCTh
3JIEKTPUDUINPOBAHHBIX XKEJIE3HOTOPOXK-
HBIX ITyTel B uepTe I. MMHCKA, 0 KOTOPBIM
KypCUPYET IIPUTOPOAHBIA MOTOPBAaTrOHHBIN
MOJABUKHOI cocTaB, mouTu 50 KM.

YETBEPTbIW WU LLECTOW?

Bo3MoXxHO, yTBepXKaeHHE O TOM, YTO
BHYTPUTOPOACKME XKeJIe3HOIOPOXHBIE I1¢-
PEBO3KH 2JIEKTPOIIOE31aMU BHITTOJHSIOTCS
BOT Y€ CTOJIBKO JIET, KOTO-TO U YIUBMT,
OJIHAKO 3TO IEeWCTBUTEIbHO TaK. CTpOro
TOBOPSI, «<TOPOACKUE TUHUMN» MIPEACTABISIOT
c000if UX yCOBEPIICHCTBOBAHNE HA OJHOM
M3 YYaCTKOB, XOTs U CAeJIaHHOE Ha CaMOM
BBICOKOM YypoBHe. UTO sIBJIsIeTCS OCHOBa-
HUEeM JIJIsI TaKoil KBanudukauuu? B onHom
M3 MECSYHBIX pacnucaHuii 3Hauutcs 70
C JIMIIIHUM 3JIeKTponoe3noB B bopucos-
ckoM, MonoaeuHeHckoM, OpIIaHCKOM
1 CToJIOIIOBCKOM HaIlpaBJICHUSIX, a TIOMM -
MO XOPOIIIO M3BECTHBIX Terepb « MUHCK-
CeBepHBIiT», «MaclokoBuIMHa», «Jleos-
Kuit» 1 «KmaHOBUYM» B TOPOJE ellé BO-
CeMb MOJTO0OHBIX OCTAHOBOYHBIX ITYHKTOB.

Emg€ pa3 noBTopio, 4To nmpuodpeTs OuieT
Ha BOK3aJIe, Ilaccaxup yxe B KoHIe 1963 —
Havase 1964 roga nMes BO3MOXHOCTD JO€-
XaTh 10 TeX ke «PaguaTopHoro» u «2KnaHo-
BUUeii» ayekTponoesnoM. IIpocienoBaTh
IOE3/I0M IO PACIIOJIOKEHHOM B YePTE COB-
peMeHHOro MMHCKa OCTAaHOBKH 110 OTHOMY
M3 YETHIPEX HBIHEIITHUX XKeJIE3HOTOPOXKHBIX
paanyCOB HAIllM POAUTEIIN, IebI, IIPaaeIbl
MOTJIY TOpa3a0 paHblle — CO BpeMEHU, KakK
JUIST TIPOXOISIIIUX TTO€3I0B (XOTh Ha Mapo-
BO3HOI1 TsITe) OBLIO MPEIYCMOTPEHO BBIITOJ-
HEHME TOI VI MHOM U3 HUX. A TO, YTO IS
HEKOTOPBIX IaCCaXMPCKUX MOE300B (BHY-
TpUpPECIyOJUKaHCKUX) IIpeIycMaTprBajiach
OCTaHOBKa Ha cT. «MuUHCK-BocTOUHBII»?
He 3Hato, mpomaBaiuch JIu 11 TOJIb30BaHUs
€10 OMJIETHl B KaCCOBOU cCUCTeMe «DK-
crpecc», Ho uepes «Komoauiu» /«O3epuiie»
yexaTb U IpHUexaTh MPOXOASIIUM IOE310M
BpOJIE Ceifiuac MOXHO (3JIEKTPUIKOI — caMO
co0o0it).

Ilo maHHBIM cTaTUCTUKM, bemopycckas
JKeJIe3Hasl opora B IPUIOPOIHOM (BKJIIOYAsT
BHYTpHUTropozackoe) coobmeHuu B 2008 romy
(Hauaja0 MPOKIAAKU «TOPOACKUX JTUHUM»)
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nepesesna 71,9 muH yenoBek. Kakas ux
4YacTh CJIeJ0Baia B TOPOACKOIt uepTe? Yuu-
ThIBasi, YTO Ha MUHCKUI y3€J MPUXOIUTCS
50% Bcero mpUropoaHOIO Iaccaxmupoodo-
poTa pecrnyOJIrKu, a CpelHee PacCTOSIHUE
nepeBo3ku 1 maccaxupa (47,5 kM) B mpe-
JIOMJICHUH K IJIMHE KaXIOT0 U3 KeJIe3HOI0-
POXHBIX PaaMyCOB OYE€Hb OTHOCHUTEJBHO,
MOXHO TOBOPUTH O 9 MJIH IOJIb30BaTe e
TOPOACKUX YYACTKOB CETH.

C yu4€TOM CKa3aHHOTO, «TOPOJACKHUE TN -
HUU» CIPaBEIJMBO CUUTATh YETBEPTHIM
BUJIOM MacCaXXUpCKOro TpaHcmopra MuH-
cka — mocie aBTobyca (1924 1), TpamBas
(1929 r.) u Tposneiibyca (1952 r.). Benb oH
«poauics» B 1963 rony paHee MaplIpyToK
(1974 r.) u meTpononuteHa (1984 r.), koto-
PBIM BIIOPY aBaTh MSTHIN U IIECTOM MOPSII-
KOBBIE HOMEpa B MOCIYXHOM CIHUCKE 00-
1IECTBEHHOTO rOPOACKOTO TpaHCIOpTa.

Ho, ObITH MOXET, BHYTPUTOPOJCKHUE
¥ NPUTOPOJHBIC TEPEBO3KM IMaCCaXUPOB
«3JIEKTPUYKAMU» OTIMYAIOTCS KaK HeGo u
3emiis1? Het, XOTsI ObI TOTOMY, UYTO BHYTPH -
TOPOJACKHE OCTAIOTCS UX COCTAaBHO YacThIO
(aTO moaTBepXkKIAET, K IIpUMeEpY, obpailie-
HHE I10€310B «IOPOACKOM 3JEKTPUUYKU»
no 3acnais). [IpaBaa, xkeJle3HOTOPOXHU -
KU MOOYEPKMUBAKOT HEBUAAHHBIN paHee
YPOBEHbB YI0OCTB IJIs TACCaXXUPOB «TOPO/I-
CKMX JTUHUI». OCOOBIX CJIOB ITOXBAIbI Y10~
cTanBaeTcs Impu 3Tom noesn Flirt mseiinap-
ckoro npousBonactsa. Ho, mo3BoinbTe,
pa3Be OH MOXET ObITh UHBIM? M3roTOBIEH-
HbIJ IIPOMBIIIJIEHHO Pa3BUTOM CTPAHOM,
MMeEIOIeil K TOMY XK€ JaBHUE KeJIe3HOMO0-
pPOXHBIE Tpaguuuu?

IIBeitiapuio, Tak cKa3aTh «KeJIe3HOI0-
POKHYIO», OTJIMYAeT METPOBast KOJiesl U TO-
TanbHas 2jeKkTpudukanus cetu. B 1960—
1970-e roasl Tam (kKak u B [epmanumn)
He ObLIM 3aKPbITHl TpaMBaliHbIe CeTH (UTO
TOBOPUT O CAMOCTOSITEILHOCTHU TOCYIapCT-
BEHHBIX PEIIEHUI U YCTOMYUBOCTHU CTpATE-
TMUA B BaroHocTpoeHuu). B cTpaHe «baH-
KOB, 4aCOB U ChIpa» 00pa31ll0BbIM, HECMO-
Tps Ha TOPUCTYIO MECTHOCTb, SIBJISIETCS
paccenenue. B cxoxeit ¢ benapychbio 1o ym-
cieHHocTH HaceneHus LIBelinapuu caMbiit
KpynHbiii ropon Hopux nmeer 360 ThIC.
XKuTesei (a B cronuie bepHe XKMBET Bcero
180 TeIc.uen.). Bor rme mpsiMo mo Hayke
MOTYT BBIIIOJHSTHCS TIPUTOPOITHO-TOPOJI-
CKHE XeJIe3HOIOPOXKHBIC TIEPEBO3KMU.

® MUP TPAHCNOPTA 04

PA3SMbITbBIE BbIrObl

BosBpamasich K moxBsajam IIBeumap-
CKUM TIO€3/1aM, OCTaHOBJIIOCH HAa TIPOBO3-
HOW CTTOCOOHOCTH TTOCJIENHUX. DTO, COTJIa-
CUMCsI, OUeHb BaXHBIW MoKazaTelb IJIs
JII000TO BU/Ia TTACCaKUPCKOTO TPAHCIIOPTA.
Maiio Toro, OH SIBJISIETCSI OTPEACISIONINM
Mpu BBIOOpPE TOTO WJIU WHOTO U3 HUX U,
J00aBUM, TJIAaBHBIM YCJIOBHUEM TIPOEKTUPO-
BaHUsI TpaMBasi, METPO, TEM TTa4e — TOPOJI-
CKOW XeyieaHolt moporu. Tak BOT, B Mpu-
BBIYHOM HaM CTapO# PUXKCKOU MOCTPOUKU
DP-9 TONBKO CUAIINX MECT — ThIicSUa
(1o 68 B rooBHBIX BaroHax, 110 — B Tpex
6e3MoTopHBIX U 107 — B TISITU MOTOPHBIX
MIPOMEXYTOUHBIX BaroHax). A BOT B IIBEMi-
mapckom DI1T rakux mect Bcero 260.

K noxomotuBHOMYy nemno «Munck-Ce-
BepHBI» IIpunucano 52 coctaBa DP-9
1 B CBOEM OOJIBIIMHCTBE OHU 10-BaroHHbIC
(ecTb U 8-BaroHHbIE); JEBITH U3 HUX ObLIU
nepegaHsl bapaHOBUUCKOMY OTIEJICHUIO.
CKOJIbKO MOHAMO0UTCS MBEUIIAPCKUX TTO-
€3710B, UTOOBI «IE€PEKPHITh» MPEXKHIOK
MUWHCKYIO TIPOBO3HYIO CITOCOOHOCTH? Bo-
MpOC He Mpa3AHbli, yIUTHIBAS: a) 3aTPaThl
Ha MpUOOpeTeHre MOTOPBATOHHOTO MO/ -
BU>KHOTO COCTaBa TOW MJIM MHOU ITOCTPOi-
KU; 6) HEpUTMUYHOCTb OOHOBJIEHUS.

Paccyxnas o nanpHeiiiemM oOHOBIEHUU
rnmapka, TpearnojioXumM, 4To bemopycckas
JKeae3Hasl 1opora CBSI3BIBAET €ro ¢ OTUM
caMBIM «IIIBeHIIapimeM» — He 3ps Xe Flirt
HUCTbITHIBAJICS Ha yuyacTKe bpect—bapaHo-
BUYM—MMUHCK (MeX00JacTHOE IBUXEHNE),
Jla U CaM¥ TIEPEBO3KHU 110 «TOPOACKUM JIM -
HUSIM» OCYIIECTBIISIIOTCS 10 3aciaaBis (T. €.
OTHOCSITCS K pa3psiy IPUTOPOIHBIX), TIPU-
yéM IUIST HUX MpeaHa3HaveHsl He Bce 10
3aKa3aHHBIX cOCTaBOB. O3ByUeHBI U TLTAHBI
JMOCOOPKM MIBEUIIAPCKUX XK€ PeTbCOBBIX
aBToOycoB Stadler (1—2-BaroHHBI TU3ETb-
noe3n) «berkoMMyHMaleM».

CxkaxyTt, moj, momumo CHull (¢ ux
«IIPOBO3HOM CITOCOOHOCTBIO») €CTh IpyTHe
PYKOBOJSIINE TOKYMEHTBI, XOTSI ObI TIpU-
Hsatoe yxe Ha uznére CCCP, B anpeine
1989 roma, komrerueit MITIC mocraHoBIe-
HUE O COBEPIIEHCTBOBAHUY MTPUTOPOITHBIX
MepeBO30K, MpeaycMaTpUBaBIlee «Ipu
Pa3BUTHU M PEKOHCTPYKIIMU KPYITHBIX Xe-
JIE3HOJOPOXKHBIX Y3JIOB TpOopabaThBaTh
11€J1eCO00Pa3HOCTh UCITOJIb30BAHUS Ha3eM-
HBIX XeJIE3HBIX IOPOT JIJIS yIOBJIETBOPEHU S



MOTPEeOHOCTE HAacCeJIeHUs] B TOPOJACKUX
U MIPUTOPOITHBIX MOe3aKaX (C MPUBJICYCHM -
eM (DMHAHCOBBIX U MaTepUaJbHBIX PECYPCOB
MECTHBIX COBETOB U MPEAMPUATHUIN)».

IMoBTOpI0: B MUHCKE BHYTPUTOPOICKUE
MepeBO3KMU IacCakKUpPOoOB XKeIe3HOTOPOXK-
HBIM TPaHCIIOPTOM BBIMOJHSIJIUCH, UMEIU
MecTo. JIpyroe aeyo, 4To LeJblid psia ocTa-
HOBOYHBIX TYHKTOB HAXOAUTCS B IIPOMY3-
JIaxX, a TO 3aTPYAHSIET MOABO3 MAaCCaXKMUPOB
U YBEJIMYMBACT I HUX BEJIUUYMHY TEIlIe-
XOJHBIX ITOIXOI0B OT/10 00BEKTOB TSITOTE-
HUs. TpaHCHOPTHO-TICIMIEXOAHBIE CBSI3U
MOTYT OBITH 1000YCTPOEHHI TOJIBKO Ha Ya-
CTU U3 HUX; K MIPUMEPY, YBEIUUYECHHUIO UC-
MOJb30BAHMUS XKUTEIIMU HaceIEHHBIX
nyHkTtoB Konomumiu, O3epuiie 3JeKTpo-
moe310B MOCKOBCKOTO HaIlpaBACHUS CACP-
XKHUBaeT Ae-(pakTo UX TPaH3UTHOE JBUXKE-
HUe 10 BoK3aia (13-3a IIPOXOKIACHUS yepe3
IMpoMYy3eJl TpaKTopHOoro 3aBona). C npyroi
CTOPOHBI, TIPU MPOE3/e Taxke ¢ Mepecagkoi
(aBTOOYC/METPO, APYTHUE BUIBI TOPOJACKOTO
TpaHCIIOpTa) HaceJleHUIo obecrieyeHa 3Ha-
YUTEJbHO OoblIasg reorpadus Mmoe3maok.
Kpowme Tor0, B LIe15IX CHUKEHUS IITyMOBOTO
1 BUOPAILIMOHHOI'O BO3ICHCTBUS Ha MIPUJIE-
rarmolylo K KEJIEe3HOM AOpOre 3aCTPOMKY
JKUJIbIE MaCCHUBHI pacIiojiaraloT Ha yaaJl€¢H-
HOM pPacCTOSIHUM OT MyTel, YTO JMIIaeT
MMOTEeHIIMAbHBIX MOJIb30BaTEICil BHIMTPHI-
1I1a BO BPEMEHU U pacCTOSIHUMU.

OBHAAEXUBAKLWHUE CUMNOTOMbI

OTKPBITHE «TOPOICKUX JIMHUI», OCBOE-
HUEe MBEWIapCKOTO BJIeKTpoloe3aa
HE ITOJIKHBI BBI3BaTh HEJIOOIEHKY CYIIECT-
BYIOIIIUX BUIOB rOPOJACKOTO TpaHCIIOPTa,
KOTOPBIi, TaK CKa3aTh, «I10 YCTaBy» MPEI-
Ha3Ha4yeH IJIs IePEeBO30K XKUTEJeil U ro-
cteit MuHcka. CyliecTByloliasi ceTh 00111e-
CTBEHHOTIO TpaHCIOPTa U3 MITU BUIOB
HUCKJIIOUMTEIbHO Pa3BUTa U SIBISICTCS TOM
OCHOBOI1, KOTOPYIO HY>KHO Oepeub 1 coXpa-
HSTh. O0s13aTeIbHO NOJIXKEH OBITh OTMEUYEH
HeOBIBaJIbIl B3JIET OTpPAc/iu B MOCJEIHUE
TOJIbL:

® yaJIOCh MOJTHOCTBIO 3aMEHUTh TpaM-
BaliHbIC BaroHBbI;

e HU3KOMOJbHBIMU cTaiu 80% Tpoiieii-
OYCOB U JIB€ TPETU FOPOJICKUX aBTOOYCOB;

e cBhilie 60% aBTOOYCHOTO Mapka 000-
PYIOBaHO MaJOTOKCUYHBIMU JABUTATEISIMU
ypoBHs EBpo-3, a emié okoso 10% — EBpo-4;

e 0K010 90% ropoacKkux aBTo0yCOB UC-
MOJIb3YIOT aBTOMAaTUYECKME KOPOOKHM Imepe-
Jad, mo4yTu Ha 45% TpoJieiibycoB YyCTaHOB-
JICHBI IBUTATEJIM IEPEMEHHOTO TOKa.

IIpu aTOoM okoso 70% mnepeBO30K mac-
CaXXKMPOB BBIMOJHSIIOTCS METPO, TPAMBasSIMU
¥ TpoJiieiidycaMu, paboTaOIMMU Ha €M H-
CTBEHHO 3((DEKTUBHOI B YCIOBUSIX TOPOAA
3JeKTpoTsre. Takoro poma TpaHCHOPT
HEe TOJbKO Pa3BUBAETCS, HO U NMPUHOCUT
orpaciau goxona. Ocobo xoueTcsd mogyep-
KHYTh OOHaA€XMBAIOIIMUIN CUMIITOM
2010 roma — nmpekpanieHue nageHus oobeEmMa
MepeBO3UMBIX MaCCaXKUPOB.

MckyccTBeHHOrO Xe mepepacipeaesie-
HUS MAaCCaXMUPOIIOTOKA CPear pa3IUUHBIX
BUIOB TpaHCIOpPTa C IMOCICAYIOIIUM
(Ha 3TOM OCHOBaHMMU) BHIBOJIOM O BOCTpe-
OOBAaHHOCTHU «JIIOOMMOTIO0 IETHUIIA» CIAEIYET
un3beraTth. A 5KOHOMUYECKas 1ieecoodbpas-
HocTh? HUKTO Beab He MOCTaBUJ BOIIPOC
ciaenymoimumMm obpaszom: «O0ycTpoiicTBO
«TOPOJCKHUX JIMHUI» XKeTe3HOLOPOXKHMUKA-
MU — CTOJIBKO-TO MJIPI pyO., a mapasieib-
HOTO €My yJyacTKa TOpOJICKOTO TpaHCIopTa
C pa3BI3KOM Had 2-M KOJIBLIOM, TTOJ3EMHBI -
MU TeleXoaHbIMU Tepexogamu (m1. Let-
KMH U T. 11.), TOKYIIKOI aBTOOYCOB/TpOJI-
JIeii0YyCOB CBEPXBBICOKOW BMECTUMOCTU
(3-3BeHHBIX JUIMHOM 24 M, IPUYEM B TOM ke
IIBeiinapun), opranusanueil ux padoThl
B 9KCIIPECCHOM COOOIIEHUHU U IO «3eJEHOM
BOJIHE» — CTOJIBKO-TO; BbIOOp TpaHCIIOpTa
IUIS OOCITYKMBaHUSA «KIAHOBUYCKOIO KO-
puaopa» — CTOJbKO-TO. A KAK CPABHUTh 3TU
3aTpaThl».

TpynHo oTBeYaTh O CUTYallMU C IPUTO-
POIHO-TOPOJCKMMU TepeBO3KaMU Iacca-
JKUPOB XKEJIe3HOTOPOXKHBIM TPAaHCIIOPTOM
B MUHCKOM y3jie TIpU NpeBaTUPYIOIINX
BEIOMCTBEHHBIX MOAXO0IaX K Pa3BUTUIO
TOPOACKUX IyTeit coobieHus1. Ho HekoTo-
pble BapMaHTHI €€ YJIY4YIIeHUsT KacarmTcs
MpeXIe BCEro COBEPIICHCTBOBAHMUS CYIIIE-
CTBYIOIIMX U 00YCTPOICTBA MOTIOJHUTEb-
HBIX TPAHCIIOPTHO-TIEIIEXOMHBIX CBSI3€i
BOJIM3U OCTAaHOBOYHBIX ITYHKTOB 3JIEKTPO-
M0e310B, PaCIOJOXEHHBIX B uepTe MUHC-
Ka. DTo 00eCcrneuymnT yBeJInYeHe HaceaEH-
HOCTH «3JIEKTPUYEK», BOCTPEOOBAHHOCTD
caMoro Buaa nepeBo3ok. [Ipumep ToMy —
B3aUMOJEHCTBME TOPOACKOTO TaccaxKup-
CKOT'0 U 3KEJIE3HOAOPOXKHOTO TPaHCIIOPTa
B IIEpUOJ KampeMoHTa Y. MasKoBCKOTO,
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¥Mes B BUIY YBEJIMYCHHME YHUCIa MOe3M0K
ot JlomuIisl B HaIIpaBJIeHUU LICHTPAJIbHOTO
CTOJMYHOTrO Bok3aja u obpatHo. Tornma
BHMMaHHE OOpaTUJIM U Ha OOYCTPOMCTBO
JOPOKEK, OCBEIIeHUS, M Ha OrpaxiacHue
NyTen.

PA3SBA3KU XAOYT HE TOJIbKO
NEPEE34bl

VBB, B MOJIb3Y MPEANOJOXEHUS, YTO
B MUHCKe cO31a10TCsT M30BITOUHBIC TTPEIJIO-
JKEHUST TPAHCIIOPTHBIX YCJIYT, TOTIa KakK
rmaccaxupckue MmepeBO3KM B OCTaJIbHOM
pecny0JIMKe UCIBITHIBAIOT HEXBATKY HE00-
XOJIMMOTO0, €CTh OCHOBaHUs. be3ycioBHO,
C YCTaHOBKOM OrpaxJaeHUsl BAOJb JUHUU
1o cT. ZK1aHOBUYY U OCOOEHHO C OTKPBITH -
eM TOJI3eMHbBIX MEeIIeXOAHbIX IMEPEX0I0B
(B T. 4. Ha «JIeOsizkbeM» 1 « MacCIOKOBILIMHE )
0e30MaCHOCTD IacCakKUPOB, KaK U JBUXE-
HUS B 1IEJIOM, BbIpOc/ia Ha nopsinok. Ho eciu
Ha Yallly BECOB IOJIOXUTh 3TOT BBIUTPHILI,
a Ha APYTyI0 — ONHOYPOBHEBBIE (B T. U. He-
peryjavpyemMbie) mepee3ibl Ha yuacTKax Xe-
JIE3HOI IOPOTU OCTaJbHOM pecrmyOJuKH,
BKJII0Yasl HaXOIsIIMEeCs B 4epTe MHOTUX
ropoJI0B, TO Iie 00ecIieYeHNEe «pa3HOypPOB-
HEBOCTH» OKaXeTCsl BaxHee?

JIeHbI¥ IPOCTO TaK HE 10CTAIOTCS — 3TO
BEPHO M JJIsS CJyXallero, u oTpaciu,
M CTPaHBbI B 1IeJIOM. 3HAYUT, ITpearoiaraeT-
cs o4uep€IHOCTh — B HallleM cjiyyae 00-
LIECTPOUTENbHBIX, 36MJISTHBIX U TTOA3EMHBIX
pab6oT. «Pa3Bsg3piBaHME» OJHOYPOBHEBBIX
JKEJIE3HOIOPOXHBIX Iepee30oB B 001acT-
HBIX M pallOHHBIX TOpOJaxX — MepBeias
M3 3aga4y. MHorue M3 Hac JISTOM IpeBpa-
LIAI0TCS B TACCaXKUPOB I0XKHOTO HAIlpaBJIe-
HUS ¥ BUASIT XKEJIE3HOIOPOXKHbBIE TTepee3 bl
co 1maarbaymom He ToJibko B boOpyiicke
win Tomene. CTpOUTEIBCTBO Pa3HOYPOB-
HEBBIX Iepee310B JOJXKHO cTaTh ajibdoit
M OMETOIi, TOCIeIOBATEIbHO BBIITOJIHSISCH
B 00JIaCTHBIX, 3aT€M — PallOHHBIX TOPOJIAX,
Ha 4eThIpeX IJIaBHbIX HanpaBieHusx beio-
PYCCKOI X. I. U CETU B LICJIOM.

IMTon3eMHBIX MEIIEXOAHBIX MEPEXOI0B
B Muncke npumepHo 50. YuuTbsiBasi, 4To
B 00sacTHBIX ropoaax npoxusaet 300—500
ThIC. YEJIOBEK, TaM UX JOJI)KHO OBITh
no 8—15, a CKOJAbKO B ICMCTBUTEIBLHOCTU?
B Tomene — 2, Butebcke — 3 (nmpuuém
110 OJTHOMY B COCTaBe KeJe3HOM0POXHBIX
BOK3a/10B), B bpecTe «BHEBOK3aabHbBIN»
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MOSIBUJICS TOJIBKO C OTKPBITHEM 1Ip. Peciy-
O0JMKM HECKOJIbKO JIeT Ha3aj, B HeKOoraa
obysacTHOM MoOJI0JeYHO UX He MOCTPOUIIN
JIO0 CUX IO U T. 1.

ITyTh oTpacneit K puHAHCOBOIT He3aBU-
cuMocTU (MMesl B BUIY pa3leieHUe TOM ke
JKeJEe3HOW JOPOTM Ha «IBUXKEHYECKYIO»
U «COOPYXKEHUYECKYIO» COCTABJIAIONINE)
o4yeHb goiaruii. Ho aeHpru, B ToM 4ucie
Ha «TOPOJACKHE JMHUU», BCE PaBHO 0OIIE-
HapoIHbBIE, Y TAKOU «BUJIKW», IIPU KOTOPOi
10 2KnaHoBUY YJIOXKEH TPETU 3JIeKTpUPU-
LIMPOBAHHbINA MYTh C MOA3EMHBIMU IIEPEX0-
JlaMM, a ToJiecckasl (M He OHa OHa) Jopora
ONHOIIyTHasl Ha TEIJIOBO3HON Tsre, riae
IIPUTOPOAHbIE ITEPEBO3KU MACCaKUPOB BbI-
MOJIHSIOTCSI «MalllKOW» ¢ MOCTPOECHHBIMU
B JleMuxoBe Mo pUKCKOMY 00010 Baro-
HaMM, — HE JOJIKHO ObITh.

HenocpencTtBenHo mo MuHCKy TpeboBa-
HUE K KeJIe3HOA0POKHMKAM: IOJIHBII BHIHOC
rpy30oBoro aBrxeHus. Yro ato Takoe: «Ilo
2-My 1yTy Ha bopucoB mpocienyeT rpy30Boii,
OynbTre BHUMaTe IbHbI (CT. « MuHCcK-BocTou-
HBbIii» ) WJIM OCTaHABIMBAIOIIMECS Ha ITyTeIIpO-
BoJie Hax yJI. ToJICTOTO «HAJIMBHSAKI»?

* %k %

Kak-To HeBOJIbHO 3a CKOOKaAMU MOUX
MOJEeMMYECKMX 3aMETOK OCTaeTCsl B TEHU
HaNpsXXE€HHBIN Y UCKYCHBIM TPYI IIYTEULIEB,
IIPOEKTUPOBIINKOB «TOPOACKHUX JTUHUI»
(a 3T0 ocHOBaHHBIN B 1938 rony «bemxen-
MOPHPOEKT»), MOHTAXXHO-CTPOUTEIbHBIX
ClIyX0 nopoxHoro nogunHeHus. [Tonararo,
Haao B JIIOOOM cllyyae OTAaTh UM IOJKHOE
1 OJHOBPEMEHHO IONBITAaThCSI TIOCMOTPETh
Ha 3aTPOHYTbhIe MPOOJIEMBI €llle U C TOYKU
3peHUs X MpodeccuoHaJIbHOTO MHTEpeca.
OueHKa cUTyallMd U3HYTPU MOXKET OKa-
3aThCsl COBCEM MHOIA.
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nepayio ouepeds HyJICHO elye paz noduep-

KHYmb noAemMu4ecKull xapakmep nyoau-

Kayuu, agmop cO3HamenvHo 3a0cmpsien
HeKomopble npobaembl, @noaHe omoagas cebe
omuem @ mom, 4mo MO2ym Cyulecmeos8ams u opy-
eue mouku spenus. Ilpu nybauxayuu pedakuyus
UCXOOUNA He U3 8ANCHOCMU PelUeHUsl OMOeNbHbIX
80MPOCOB UAU NPABUABHOCIU NOOX0008 NPU pea-
AU3AUUL NPOOAEM PA3BUMUSL CUCIEMbL 00CAYIHCU-
BAHUS NACCAICUPOB C UCNONB30BAHUEM 20POOCKUX
AUHUL NPUOPOOHBIX N0e3008, a U3 803MOIUCHOCU
Ha4ambv OUCKYCCUIO N0 OUEHKe U CUCIeMAMU3auuu
ONbIMA CO30AHUS MYALIMUMOOANLHBIX NACCANCUP-
cKUx cucmem 6 mezanoaucax. Mroeue eonpocwt
(ecau abcmpaeuposampcst Om HeKOmopoil ecme-
CMBeHHOIL cneyuguKu Kaxcooeo 20pooa) yHuseep-
CaNbHbL.

Onu 603HUKAIOM 8 NepUoOu4ecKoil neuamu
npu 06cyyucoeHuU mex uau UHbIX peuwleHuil
MYHUYUNAAbHBIX 8Aacmell, HO HOCAM Hecu-
CMeMHbLU, N0OKAAbHBLI UAU 8000Uje KOHBIOH-
KmypHubolll xapakmep. A 6edv ¢ yuemom gce
Ooavuwieeo paszeumusi CAONCHbIX 20POOCKUX
MPAHCNOPMHBIX CUCEM 803HUKAem PeanbHas
nompe6HOCMb 8 UX HAYHHOM MHO2ONAAHOBOM
ocmuicaenuu. M 30eco ecmo s16HbLi deghuyum
Cepbe3HOU AHANUMUKY U JCeAAHUS UBMEHUMb
cumyayum.

C 00HO0I cTOPOHYL, UMEHOMCS MHOOHUCAEH -
Hble HaYuHble WKOAbl 8 chepe 20p0ICK020
NAGHUPOBAHUS, NPUHEM HACMb U3 HUX CPHOKY-
CUPOBAHA HA UHMe2PAUUI0 MPAHCHOPMHBIX
cucmem ¢ MO4KU 3peHUs ONMUMU3aAyuU 00cay-
JAcuaHus naccaicupos (HanOMHumM o0 nyoau-
Kauyuu 6 Hauwem jcypHate mamepuanog B. By-
yuka). Imo obssAcHAemMCcs mem, 4mo mpaH-
cnopmmuoe 00CAydicU8anue — KpaeyeoabHbli
Kamenb 1100020 naaHuposanus é cghepe ypoa-
HUCMUKU.

C dpyeoii cmopoHbl, yeawlil psad Memo0ono-
eunecKux npobaem Haxo0umcs Ha YCA08HOI
«epanuye» ypoaHUCmMUKU, MyHUYUNAAbHO20
YApaeneHus u cneyuuueckux mpaHcnopmHuix
uccaedoganuii. MHoeue uz Hux, no Haulemy
MHEHUI0, UMerM OMHOUleHUe UMEHHO K MPaH-
CHOPMHOIL HAYKe, a ecb U maKue, U ux He-
Mano, Komopwvle 00ANCHbI CIAMb MAKOBLIMU
He 0nocpedo8anto, KaK celinac, a camvim He-
nocpedcmeeHHbIM 00Pa30M.

PE3IOME PEOAKLNW

Ilpumepos paznonnsanoswvix 3ada4, Hyicoa-
owuxcs 6 cucmemMamu3ayuu, MHOICeCMeo.
Jonycmum, seasemces au (uau mounee — ¢ Ka-
K020 MOMeHma CMAaHo8Umcs) npueopooHblil
HCeNe3HOO0POICHBLI MPAHCHOPM 2APMOHUYHOLL
Yacmboio CUCMeMbl 20pOOCK020 MPAHCNOPMA UAU
ocmaemcs HeKUM GHeWHUM KOMNOHEHMOM,
NPUHUMAEMbIM 8 PACYem U3-3a HAAUYUS MAA0-
obecneueHH020 NAccaNcuponomoKa 6 20p00CKoll
yepme. Seasromes au uucmo eHympueopoocKue
Jcene3HodopodicHble AUHUU (naanupyemoe « Mo-
CKOBCKOE KOAbUO») HOBLIM BUOOM 20POOCK020
mpancnopma? Kakue onmumansvHvle opmbi
unmezpayuu ynpasierus (KooOpouHayui, coend-
COBAHUS) HANUYHBIMU GUOAMU MPAHCHOPMA,
806A€UEHHBIMU 8 20POOCKYI) MPAHCHOPMHYIO
cucmemy, Ha 20pOOCKOM YPOGHe HYICHO PA36U-
eams ? Kak coenacosvieams deilicmeus cyosex-
moe ynpaeaenus gedepanrbHoco, 20p00CK020
ypoeneii?

IlodobHbie onpocsl omHOCAMCA He MOAbKO
K UHmezpayuu HympueopoOCKux uiu npoxoos-
Wux uepes 20pod Hceae3H000PONCHBIX AUHULL
HO U K MEMPONOAUMeHY, K NPUMEDAM PA3AUMHOL
NOOYUHEHHOCMU U COOCMBEHHOCMU HA3EMHbIX
68U008 MPAHCNOPMA, AUHUSAM CKOPOCMHO20
mpameas, 6 mom yucae u Kk mem, KOmopble Ha-
YUHAKOMCS 8 20p00e, HO BbIX00M 8 NPU20POO0.

Hysrcna au 6000we kaxas-mo cucmemamu-
3auus u yHUuKayus 6 n00xXo0ax K opeaHu3ayuu
20pP0OCKOU MPAHCNOPMHOU cemu, pa3eumur
omadenvHbIX 6U008 MpaHcnopma usu A060u
makoe2o pooa 80npoc 6 Kaxcoom cay4ae (20pooe)
doaxcen pewlamscs UHOUUAYanvHo? 3a Kem
Haoo 3aKkpenums usyueHue GAUSHUS PACHemos
ONMUMANBLHBIX NACCANCUPCKUX NOMOKOB HA meX-
HuYecKue mpebosaHus K mpaHcnopmHuiM cpeo-
cmeam, Kakas Oompacab mpaHcnopmHoll HayKu
004194CHA UHME2PUPOBAMb MEXHUKO-MEXHOA02U -
yecKue nooxodvl K popmMuposanuo eHympueo-
POOCKUX MPAHCHOPMHO-NEPecacoutbix U mpaH-
CHOPMHO-102UCMUYECKUX Y3108 7

Ecau na yposne popmuposanus 60K3a1bHbIX
KOMNAEKC08 8 NOCAeOHee 8peMsi 603HUKAU Onpe-
deneHnvle cogueu, NOABUAACH HEKAS KOMNACK-
CHOCMb, MO 8 chepe 83aumodelicmeust Kypcupy-
FOWUX 8 Me2anoaucax eudog mparncnopma (eo-
POOCKOIL «MYAbIMUMOOANbHOCIU» ) HYICHbI HOBblE
udeu u cucmemubvle n00xo0bl. PS
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«URBAN TRAIN»: IS IT TIME TO TALK?

Belarus.

ABSTRACT

Specialists have not yet finally decided on
reasonability to use railway spurs which pass through
the major cities for local passenger transportation. The
problem of this kind exists in Moscow and other Russian
cities. Inthis article the author raises a problem of «urban
train» in Minsk, capital of Belarus, where passenger lines
and related infrastructure have been formed. And this is
done in accordance with the strategy of urban transport
network development in coordination of different types
of transport routes and passenger flows, which meet
the needs of the population. The author polemically
sharpens the subject and raises questions, which are
quite crucial for the present day.

ENGLISH SUMMARY

Background. From the beginning of «urban lines»
construction in Minsk (2009), as well as proposals to
build them (2008) the author in his conversations with
colleagues and generally everywhere, where it was
appropriate, tried to point out the numerous errors
and inaccuracies associated with modernized mode
of transport. Formerly the title «urban train» had been
used and only after a year and a half the project was
called «urban lines».

Objective. The objective of the author is to
investigate some issues concerning «urban lines>
project, which is being implemented in Belarus.

Methods. The author uses historical method,
analysis and comparison.

Results.

«Border» conflict

The author considers as the first and foremost
matter of controversy the time period when urban rail
transportation appeared. The author believes that
intercity passenger transportation by rail appeared
when timetables provided stopping points / stations
within Minsk limits for trains going through the city. It is
desirable that their names could tell us something today,
aswe are descendants of those who in 1871 met the first
trains on the line Smolensk-Orsha-Minsk-Brest. And
if areas of city limits in which these stops and stations
were located, also coincided with the modern concepts
of the city limits, the subject of the dispute would have
been exhausted. After the 140th anniversary of core
rail diameter, which has been celebrated relatively
recently, now there is a lot of useful information to clarify
the details of the past, in particular to find out which of
the «nearby» stations served as city stops for trains in
czarist days.

But the author proposes not to refer the question
of the beginning of intercity rail transportation to the
period of emergence of the main railway because we
can imagine city limits more clearly, and stopping
points will bear their usual names. Thus, we are
transported into the twentieth century. And despite
the fact that the railway suburb map of 1920-1930-
ies will be more understandable, the author proposes
to supplement the search criteria, referring the issue
to the postwar time. First, Belarus gained its current
borders after the Great Patriotic War. Secondly, a
weighty condition from which it is worth to count
the beginning of urban rail transportation in Minsk
is electrification.

As it is known, the first section of the main line,
where electrification was carried out, became Minsk-
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Orlov, Vitaly A. — senior engineer of state institution «Metropolitan transport and communication», Minsk,

Olekhnovichiin December 1963. Hence, an opportunity
to conduct a trip by train within capital city limits its
residents and visitors got about half a century ago.

City(and vicinity) already had the usual shape, and
the names of «suburban trains> stops were familiar to
the ear. Ironically, Zhdanovichi section (current «urban
lines”) — is Molodechno (i. e. Olekhnovichi) direction.
By the way, Borisov, Stolbtsovo and Osipovichi
directions were electrified in 1973-1975 years. Today,
the length of electrified railway lines within Minsk city
limits is nearly 50 km.

The fourth or the sixth?

Perhaps somebody will be surprised that intercity
rail transportation has been carried out for so many
years, but it’s true. Strictly speaking, «urban lines>
are an improvement of already existed system on
one of sections, though made at the highest level.
What is the reason for this qualification? In one of the
monthly schedules there are more than 70 electric
trains in Borisov, Molodechno, Orsha and Stolbtsovo
directions, and in addition to well-known «Minsk-North»,
«Masyukovshina», «Lebyazhiy» and «Zhdanovichi» there
are also eight similar stopping points.

A passenger in late 1963 — early 1964 had an
opportunity to get to stations «Radiatorniy» and
«Zhdanovichi» by electric train.

According to statistics, Belarusian Railways in
commuter communication (including intercity) carried
71, 9 million people in 2008 (the beginning of «urban
lines> construction). Which part was within city limits?
Minsk railway junction accounts for 50% of all commuter
passenger traffic of the country, and the average
transportation distance of one passenger (47,5 km) in
relation to the length of each rail radius is very relative,
anditis possible to talk about nine million users of urban
sections of the railway network.

In light of the foregoing, «urban lines» are rightly
considered as the fourth type of Minsk passenger
transport - after bus(1924), tram ( 1929) and trolleybus
(1952). After all, it appeared in 1963 before minibuses
(1974) and metro ( 1984), which might get the fifth and
sixth serial numbers in the record of the urban public
transport.

But maybe, urban and suburban passenger
transportation by «suburban trains: is quintessentially
different? It is not true because intercity transportation
remains part thereof. However, railroad specialists
emphasize an unprecedented level of convenience
for passengers of «urban lines». Train Flirt of Swiss
production receives a special word of praise. But how
can it be otherwise? This train is manufactured by
industrialized country, besides having long rail traditions.

Distinctive features of «rail» Switzerland are
meter gauge and total electrification of the network.
In the 1960-1970-ies there (as in Germany)
tram networks were not closed (which means
independence of governmental decisions and
strategy sustainability in car building). In the country
of «banks, watches and cheese», despite the
mountainous terrain, resettlement is exemplary. In
Switzerland, which is similar in its population number
similar with Belarus, the largest city, Zurich has 360
thousand inhabitants (and in the capital Bern live
180 thousand people). In the author’s opinion, in
that country suburban-urban rail transportation has
the best chances to be implemented.



Blurry benefits

The author then focuses on the carrying capacity
of the Swiss trains. It is a very important parameter
for any kind of passenger transport. Moreover, it is
decisive in choosing one or the other of them and a
key condition for designing tram, metro, even more
urban railway. So, in the accustomed Riga built train
ER- 9 - there is one thousand of seats. But in the
Swiss train EP° there are only 260 seats.

In the locomotive depot «Minsk-North» there are
52 trains ER-9 and they have mostly 10 cars (there
are 8-car trains); nine of them were transferred to
Baranovichi department. How many Swiss trains
are required to «cover» the former Minsk carrying
capacity? Itis not an idle question, given: a) the cost
of purchasing a motor-car rolling stock of a particular
construction; b) irregularity of modernization.

Arguing further upgrading of the fleet, we assume
that the Belarusian Railway associates it with this
Swiss train — Flirt was tested at Brest- Baranovichi-
Minsk section (inter-regional movement), and
transportation on «urban lines> is performed to
Zaslaul (i. e. it is classified as suburban), and not
all of 10 ordered trains are designed for them.
Plans have been announced for further assembly
of Swiss rail buses Stadler (1-2-car diesel train)
by «Belkommunmash». The author emphasizes:
in Minsk intercity transportation of passengers by
rail took place. Another thing is that a number of
stopping points is located in industrial centers,
making it difficult for passengers to get to them and
increasing the length of pedestrian approaches from
/ to necessary objects. Transport and pedestrian
links can be further developed only on a portion
of them; for example, an increase in the use of
electric trains of Moscow direction by residents of
settlements Kolodishchi, Ozerische is restrained
by their de facto transit movement to the railway
station (due to passing through the industrial hub of
a tractor plant). On the other hand, even traveling
with transfers (bus / metro, and other types of urban
transport) provides a significantly greater geography
of trips for population. In addition, in order to reduce
noise and vibration impacts on buildings adjacent to
the railway, residential areas are located on a remote
distance from the railway tracks that deprive potential
users of gain in time and distance.

Encouraging signs

Opening of «urban lines», use of a Swiss electric
train should not cause underestimation of existing
urban transport, which is designed to transport
residents and guests of Minsk. The existing public
transport network of five transport modes is
exclusively developed and should be protected and
preserved. The author marks an unprecedented
growth in the industry in recent years:

- tram cars were completely replaced;

+ 80% of trolley buses and two-thirds of city
buses became low-floor;

« more than 60% of the bus fleet was equipped
with low toxicity engines Euro-3, and another 10%
with Euro-4;

+ 90% of buses use automatic transmissions, AC
motors were mounted at almost 45% of trolley buses.

However, about 70% of passenger transportation
is carried out by metro, trams and trolley buses
running on electric traction. This kind of transport
is not only growing, but is also bringing revenue for
the industry. An encouraging sign of 2010, which
should also be noted, is termination of decrease in
passenger transportation volume.

But artificial redistribution of passenger traffic
among various modes of transport should be avoided.
And what about cost-effectiveness? Nobody has raised
the question as follows: «Construction of «urban lines
costs so much bin. rub, and construction of urban
transport section, parallel to it, with certain interchanges,
pedestrian crossings etc. costs so much. And how these
costs should be compared».

It is difficult to respond about the situation with
suburban-urban passenger transportation by rail in Minsk
junction under prevailing governmental approaches to
development of urban means of communication. But
some versions of its improvements relate primarily to the
improvement of existing and construction of additional
transport and pedestrian links near stopping points of
trains located within Minsk city limits. This will ensure an
increase in occupancy of «urban trains», the demand
of this mode of transport. An example is interaction of
urban passenger and rail transport during overhaul of
Mayakovsky Street, with an increase in the number of trips
from Loshitsa towards the central station of the capital and
back. At that time, attention was paid to improvement of
paths, lighting, fencing of tracks.

Not only crossings are waiting for interchanges

Alas, there are reasons for the assumption that in
Minsk an excess supply of transport services is created,
while passenger traffic in the rest of the country suffers
a shortage of the necessary. Of course, the safety of
passengers, as well as movement in general, has grown
considerably with installation of fencing along the line to
the station Zhdanovichi and especially the opening of
pedestrian undercrossings(including at «Lebyazhiy» and
«Masyukovshina”). But if this achievement is compared
with sibling (including unregulated) crossings on railway
sections in the rest of the country, including those in the
precincts of many cities, where the provision of «multi-
levelness: will be more important?

It is clear that a priority should be set for general
construction, excavation and underground works.
«Interchanging» of sibling crossings in regional and
district centers —is the first task. In summer many
residents turn into southbound passengers and see
crossings with barrier not only in Bobruisk and Gomel.
Construction of multi-level crossings should be the alpha
and omega, sequentially performed in regional, then in
district towns, at four main lines of the Belarusian Railway
and the entire network.

There are about 50 pedestrian undercrossings in
Minsk. Given thatin regional cities live 300-500 thousand
people, where there should be 8-15 of them, but what is
inreality? In Gomel - 2, Vitebsk — 3(and one as part of the
railway stations), in Brest a pedestrian undercrossing (not
connected with the railway station) appeared only with
the opening of prospect Respubliki a few years ago, in
Molodechno it has not been built until now, etc.

A road to financial independence of industries
(referring to the division of the same railway into
«responsible for movement» and «responsible for
construction» components) is very long. The author sets
a requirement directly for railway specialists of Minsk:
complete removal of freight traffic.

Conclusions. Involuntarily in the shadow of
these polemical notes remains skillful work of railway
workers, designers of «urban lines”(it refers to
«Belzheldorproject», founded in 1938), installation
and construction services in railway subordination. The
author believes that it is necessary in any case, to pay
tribute to them and at the same time to try to look at the
issues raised also in terms of their professional interest.
Assessment of the situation from the inside may be
quite different.
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EDITORIAL RESUME

again a polemical nature of the current

publication; the author deliberately
sharpens some problems, being aware of the fact
that there may be other points of view. When
publishing this paper, editorial staff did not rely
on the importance of addressing certain issues or
right approaches in dealing with development
problems of passenger service systems using urban
commuter train lines in Minsk, but on the
possibility to start a discussion on generalization
and systematization of experience in creation of
multimodal passenger systems in metropolitan
cities. Many questions (abstracted from certain
natural specificity of each city) are universal.

They appear in the press when discussing
specific decisions of municipal authorities, but
their nature is non-systemic, local or general
opportunistic. However, taking into account rapid
evolution of complex urban transport systems
there is a real need for their scientific
multidimensional understanding. And there is a
clear deficit. On the one hand, there are numerous
scientific schools in the field of urban planning,
and some of them focus on integration of transport
systems in terms of optimization of passenger
service (recall publication in our journal materials
of Vukan Vuéi¢). It can be explained by the fact
that transport service is a cornerstone of any
planning in urbanity.

But on the other hand, a number of
methodological problems is at conditional
«border» of urbanity, municipal management,
management and specific transport studies. Many
of them, in our opinion, are relevant specifically
to transport science, but there is also plenty of
them, that should be part of transport science in
the most direct way.

P rimarily, it is necessary to emphasize once
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There are many diverse tasks that need to be
systematized. For example, is (or more precisely — at
what point itbecomes) commuter rail communication
a direct part of urban transport systems or does it
remain as some external component, which is taken
into account because of the presence of passenger
flows within city limits? Are purely intercity rail lines
(planned «Moscow Ring”), a new kind of urban
transport? What are the best forms of management
integration (coordination, harmonization) of
available transport modes involved in the urban
transport system, to be developed at the city level?
How can the actions of the management subjects of
federal and municipal levels be harmonized? This
issue refers not only to the integration of intercity or
passing through the town railway lines, but also to
existing examples of different subordination and
ownership of land-based transport, to the lines of
light metro, light rail, including those that begin in
the city and then go in the suburbs. Is some kind of
general systematization of transport modes
development required (including from the
perspective of investment, coordination of
schedules, measures of city or national support,
maintenance of infrastructure, tariff regulation,
etc.) or should an issue in each case (the city) be
solved individually? Should a particular attention
be paid to study the influence of calculating the
optimum passenger flows on the technical
requirements for vehicles, what branch of transport
science should integrate technical and technological
approaches to the formation of intercity transport
interchanges, transport and logistics hubs? The
latter issues have got a rapid development at
forming station complexes, but in the sphere of
transport modes interaction, a kind of «urban
multimodality» requires new fresh ideas and system
approaches. °
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Jliopmnna KOYHEBA
Lyudmila F. KOCHNEVA

Banentun BUHOINPALOB
Valentine V. VINOGRADOV

CHMXeHne ypoBHSI MaTeMaTn4ecKoro
o06pa3oBaHUs B LLIKOJIE HapsAy

C 006LWyMM yXyALLeHUneM NogroToOBKU
abuTypueHTOoB, MOCTYNaOLLNX

B TeXHUYeckue By3bl, yCyryonsiior

Y Ka4eCTBO YCBOEHUS1 3HaAHUN

Mo NHXXeHepPHbIM AUCLINIMINHaM.
lNMpenogasartenun kagpeap maremaTukm
u pusnkn MUUT coBmecTHO

co wkosiamu ctosim4Horo Cesepo-
BOCTOYHOro agMUHUCTPATUBHOIO
OKpyra cosganv nporpaMmmy
AOMOJIHUTEJIbHOIO U3Y4HEeHUS
MaTreMaTuku, KOTopasl paccYuTaHa

Ha To, 4YTOObI COKPaTUTb Pa3pPbiB MeXAy
NMPUBbIYHBbIM HbIHE YPOBHEM LLUKOJIbHOM
noaroToBku u Tpeb6oBaHUIMU By3a

K HaYnHaioLemMmy o6y4eHue CTy[eHTYy.
B cTaTtbe noka3saHbl nepBbie pe3ysbTaTbl
MHoroob6eujamoujero coTpyaHN4ecTBa.

Knioyesbie croBa: obpa3oBaHue, By3,
LKos1a, MaTemMartuka, Ka4ecTBo o0y4eHus,
COBMeCTHas nporpaMmma, MHHOBAaLIMOHHbIV
roaxoA.
|
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OBPASOBAHUEW

O noBbILLEeHUN KaYyecTBa
MaTeMaTn4YeCKux 3HaHUN

Bunocpadoe Basenmun
Bacuaveeuu — doxmop
MeXHUYeCKUX HaykK,
npogheccop Mockoeckozo
2ocydapcmeenHo2o
YVHU8epcumema nymeti
coobuenuss (MUUT),
Mocksa, Poccus.
Kouneea Jlroomuaa
Dédoposna — Kanouoam
mexHu4ecKux HaykK,
douenm MUHT, Mockea,
Poccus.

Ilaamonosa Oavea
Anexceesna — kanoudam
@us.-mam. nayi, doyenm
MUHUT, Mockea, Poccus.

Onbra MNJIATOHOBA
Olga A. PLATONOVA

OBBIIICHUIO KauyecTBa 00pa30BaHUS

TMOCBSIIIAIOTCSI MHOTOUYMCICHHBIC

MyOJIMKALIMU B TIpecce, MPOBOISITCS
TeMaTUYeCcKre KOH(MEepeHIINU, TTeJaroruie-
CKasl 00IIIeCTBEHHOCTh IABHO OCO3HAET aKTy-
aJIbHOCTB CBSI3aHHBIX C 9TUM 3a/1a4 1 TIOCIIe I -
CTBUI HAPACTAIOIIMX ITOTEPb 3HAHUU Y MOJIO-
NIBIX TTOKOJIEHUI poccusiH. [lermapTaMeHT 00-
pa3oBaHUs MPaBUTEIBCTBA MOCKBHI, KakK
U APYTUE peTMOHAIbHBIC TTPOGUIILHBIC BEIOM-
CTBa, IPU3BAJI YIYIIINTH KAYECTBO IIOATOTOB-
K{ IIKOJIHHUKOB CTOJIUIIBI IO HamboJjee ce-
PbE3HBIM YYCOHBIM TUCHMIIMHAM (MaTeMa-
THKa, pu3nKa, THHOpMaTUKa, MTHOCTPAHHBIIA
s13bIK). [1py 3TOM Mpearioaaragoch MpUBIcYb
K BBIIIOJTHECHUIO HAMEUCHHOM IpOTrpaMMBbl
HE TOJBKO IIKOJBHBIX YIUTENICH, HO U TIPO-
deccrnoHaNbHBIC KOJJICKTUBHBI IIEIaTrOTOB
croqnyHbIX By30B. Hanuune MUHAT c ero
MOIITHOI MTHHOBAIIMOHHO# 00pa30BaTeIbHOI
6a3oii Ha Tepputopuu CeBepo-BocTtouHoro
agMuHucTpatuBHoro okpyra (CBAO) mano
TOTYOK HAce OOBCIMHEHUSI MHTEIUICKTYallb-
HBIX ¥ OPTaHU3AlIMOHHBIX PECYPCOB YHUBEP-
CHUTEeTa 1 IIIKOJI 3TOTO OKpyTa.

M MmeHHO 110 yeThlpeM HampaBjIeHUSIM 00-
pa30BaHMSs, BBIICICHHBIM MOCKOBCKUM JIe-
IMapTaMeHTOM, CYIIIeCTBYeT HanboJiee 3aMeT-
HBIU pa3pbIB MEXIY ITKOJIbHOU MOATOTOBKOU



1 TpeOOBaHUSIMM BBICIIICH IITKOJIBI K HAUMHA -
IOIIM 00y4YeHMe cTyaeHTaM. [1ybokue u rmpo-
YHBIE 0a30BbIC IITKOJIbHBIC 3HAHUS SIBJISTIOTCS
OCHOBOI YCITEIITHOTO YCBOCHUST YHUBEPCUTET-
CKOM MporpaMMbl IO MHKEHEPHBIM AUCIIHU-
TUIMHAM U TTOCIeayIoliei mpodeccroHalbHOI
JIeSITCIBHOCTU CETOMHSIITHUX YYaIIUXCS.

Jna peanuzanuu 3amaun yaydiieHus Ka-
YecTBa 3HAHUI IIKOJIHHUKOB, B YaCTHOCTH,
10 MaTeMaTHKe, TpernoaaBaTeIIMyu MaTeMa-
tnaeckux kapeap MUUT npoBeaeHb! aHAIK-
TUYECKUI1 pa3dop U MeToanvecKkast pabora,
CBSI3aHHBIC C OLIEHKOM TEKYIIIETO COCTOSTHUS
IIKOJIbHO ITOATOTOBKU, BBISIBIICHUEM Hanbo-
JIee OCTPBIX IPO0OJIeM U OIpeAcieHUEM Mep
K MX YCTpPaHEHWIO. AHAJIOTUYHBIM 00pa3oM
MMOCTYIUJIM U TPEACTaBUTEIN (UUUECKUX
KadeIp YHUBEpCUTETA.

[Tocne obCcykneHusT ¢ YIUTEAIMU IIKOJ
CBAO 6b11a pazpaboTaHa mporpamMma JI0roJsi-
HUTEIBHOTO N3YICHUSI MATEMATUKHM,, UCTIOJb-
3yI0IIasd YHUKAJIbHBIA MOIYJbHBIA MOAXO.
C BO3MOXHOCTBIO HEIIPEPHIBHOTO Pa3BUTUS
U MOCJIEAYIOIIEro U3MEHEHUS OTAEIbHBIX
monysei. OTINYUTETbHOM 0COOEHHOCTHIO
CO3IaHHOTO KOMILJIEKCa CTaja0 MCIIOJIb30Ba-
Hue nopraa MUNT-mkonsr CBAO.

BrL1oXXeHHBIE Ha TTOpTajie METOAMYECKIE
pa3paboTKu M BeOMHApPHl BHI3BAIU XKUBOI
MHTEpPEeC U MHOTOUYUCIEHHBIE BOIIPOCHI
IIKOJIbHUKOB.

Kpome Toro, B mpoKoM HOCTyIle Haxo-
JISITCS ¥ BUIEOJEKIIMU O OCHOBOIIOJIarar-
IIXM TeMaM Kypca MaTeMaTUKHU, a TAKKe CH-
CTEeMBI TPEHUPOBOYHBIX 3a71a4.

[IpakTryeckoe 3HaYCHE COBMECTHOM MUIST
IIIKOJI ¥ By3a IIPOTPaMMbI COCTOUT B BO3MOXK-
HOCTH:

e aTh OoJiee MIyOOKMEe 3HAHUS 10 CIOX-
HBIM TeMaM Kypca MaTeMaTHUKHU C yUeTOM
TpeboBaHUII OYIYIIMX BY30BCKUX ITPOTPaMM;

® MCHSITD ITOCJIEIOBATEIbHOCTD M3I0KEHUS
MOJIyJIeii ITPOrpaMMBbI C YYETOM MHOTOO0Opa3us
HCIIOIb3YeMBIX B IITKOJIaX YYCOHUKOB;

® 1I3y4yaTh BUACOICKIIMY Ha ITopTajie (B JIt0-
0OM KOJIMYECTBE U B JIFOOOE BpeMsl);

® IICII0JIb30BaTh JJISI MPOBEPKU 3HAHUM
CHUCTEeMY CIleLIMaJIbHBIX TPEHUHTOB.

3aHATHS O MPEMIOKEHHON MporpaMme
MPEeIoararoT He3aBUCUMO OT BPEMEHHBIX
3aTpaT BBISIBUTH CPEIM OOYJAIOIIUXCS AeTei
C BBICOKMMU MHTEJUIEKTYJIbHBIMU CIIOCOOHO -
CTSIMU, UHTEPECOM K CaMOCTOSITEIbHOI T0-
3HABaTeJbHOM NeSITeIbHOCTHU 1 CO31aTh YCIIO-
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Puc. 1. QoueHT O.A.lMnaTtoHoBa npoBoagnT
BUAEO0JIEKUMIO.

BUSI [UTS1 00JIe€ TTOJIHOTO PACKPBITUS UX TaJlaH-
Ta.

AHaJIM3 UTOTOBBIX ITKOJbHBIX UCTIBITA-
Huii (EI'D) npogeMoHCcTprUpoBaI MacCOBbIE
3aTpPYIHEHMUS MPU PELICHUU TaK Ha3bIBae-
MBIX TEKCTOBBIX 3aJaHUI U 3a[1a4, UCITOJIb-
3YIOIIUX TOHSITUE MOAYJIb. A UMEHHO UX
crienuduka 61Mxe Bcero o0bIYHO 00sI3aH-
HOCTSIM MHXXEHepa UIu 9KoHoMucTa. Benb
pelieHue J10001 TeKCTOBOM 3a1a4yn O3Ha-
YyaeT MPeUMYIIIeCTBEHHO YMEHUE ITOCTPOUTH
MaTeMaTUYeCKyI0 MOIeJdb pacCMaTpuBae-
MOTO IPOLEeCCa U HAUTHU aleKBAaTHBIA METO/L
pacueta. [IpenomaBaTensiM yHUBepCcUTETa
MOCTOSIHHO MPUXOAUTCS CTaJKUBATHCS
¢ mpobieMaMu, Koraa mepea CTyAeHTaMu
BCTaeT HEOOXOAMMOCTb TPAMOTHO MHTEP-
MPETUPOBAThH MPEITOKEHHBIE K pACCMOTpE-
HUIO TEKCTHI.

XapakTepHblil HI0aHC: pe3yabTaTtel EI'D
MOKa3bIBAIOT, YTO KOHKPETHBIM IKOJbHUK
CTaOMJBHO XOPOIIIO pellaeT 3aaaur OJHUX
TUIIOB M TaKXe CTaOMJbHO NejlaeT OLIMOKU
B 3aJavyax IPYrux TUNoB. B yHuBepcurtere
MOATrOTOBJIEHA U alpoOMpoBaHa MHHOBAIIM -
OHHasl crUcTeMa TPEHUPOBOYHBIX 3aTaHUM
10 OTIEIbHBIM TUIaM 3afa4 (rpynmna B). 9to
JaeT IKOJbHUKY IIaHC HAYIUThCS peliaTh Kak
pa3 Te BUIbl MaTeMaTUYECKUX 3adaHU, KO-
TOpbIE HE MOJTyYaloTCsl UMEHHO Y HEro.

IMTockonbKy mpenogaBaTeasaMu Kadeap
mateMaTuku MUMT 3anmcaHbl ¥ BBIJTOXKEHbI
Ha ITopTaJl HECKOJIBKO BUICOJEKIINIA, TO BaXK-
HO TTOAYEPKHYTh, YTO TO MPUHECIO HECOM-
HEHHYIO TO0JIb3y, B TOM UYMCJIE yIaaoCh yoe-
IUATHCS, HACKOJIBKO OHU MO3BOJISIOT IIKOJIb-
HUKY:

® 00PATUTHCS K ITPEITOXKEHHOMY MaTepy-
aJry B yIOOHOeE IS HETO BpeMs,;

® MUP TPAHCNOPTA 04°14
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e IIPOCIYILIATh JEKLUIO CTOJIbKO pa3s,
CKOJIBKO €My TpeOyeTcs IUIsl IIOJIHOTO YCBOE-
HUSI MaTepUaa;

® 33[1aTh MHTEPECYIOLIYE BOIIPOCHI Ha 10~
clienylolieM BeOrHape.

3aMeTUM, YTO BUAEOJEKIIUU COIPOBO-
JKIAIOTCSI MHTEPECHBIM rpacUueCKUM MaTe-
pHUajaoM, IPU3BaHHBIM CHeJIaTh YCBOEHUE
6oJiee HAJASAHBIM M 3alIOMUHAIOLIMMCS
(puc. 1, 2).

Ilo mepBbIM pe3yjbraTaM IIPUMEHEHUS
pa3paboTaHHOM MPOrpaMMBbl MOBBIIICHUS
KayecTBa MaTeMaTU4YeCKOM MOATOTOBKU
LIKOJIbHUKOB CJIeIyeT OTMETUTh:

— HECOMHEHHBI MHTepeC y4alluxcs
mkos CBAO x mmporpamme;

B GoJiee HIMPOKOM KOHTEKCTE BONPOC 3a0J1a-
rOBpPeMEHHOIi aJaNTANUN MIKOJbHBIX 3HAHUI
K OCBOEHHIO BY30BCKO¥i IPOrPaAMMBbI SIBJISIETCS O/1-
HUM M3 HauboJjiee aKTYaJbHbIX He TOJBKO JIIs
a0MTYPUEHTOB, HO M JIJISI CAMMX TEXHHYECKHX BY-
30B, 03200YEHHBIX MOBbINIEHHEM KAYeCTBA 00pa-
30BAHMSL.

MMUWMUT c 1996 rona neiictByeT haxyiib-

TET JIOBY30BCKOI MOATOTOBKU IIIKOJIb-

HUKOB JI€BSATHIX-OJMHHANIATHIX KJIac-
coB. OOyueHue ciyliaTtesneil MpoBOAUTCS B
pa3HbIX OpMax — OUHOIA, OUHO-320YHOM, 3a-
OYHOI, IMCTAHIIMOHHOI U B TPYIIIax BbIXO-
HOTO JIHsI, PUYEM C Y4eTOM BbIOPaHHOM Cy-
1areyieM CrielMaIbHOCTH MO BCEM MpeaMeTam
BCTYMUTEIbHBIX UCMBITAHUI: MaTeMaTUKe,
(usuke, pycckoMy SI3bIKY, TUTEpaType, UHO-
CTpaHHOMY $13bIKY, uctopun Poccuu, obiiect-

® MUP TPAHCNOPTA 04

— MOTPEOHOCTD MPOIOJIKUTE 3TY TTOJIC3HYIO
KaK IS IITKOJI, TaK U JUTSl YHUBEpCUTETa padoTy;

— TOTOBHOCTD K TTIOMCKY HOBBIX (hOPM CO-
TPYAHUYECTBA C MOTCHIIMAIBHBIMUA A0UTYPH-
€HTaMU B LIEJISIX CO3JAHMS Y HAX YCTOMUYMBOU
MOTPEOHOCTHU B IOJIydeHU U MPO(PECCUOHATb-
HBIX 3HAHUI;

— IIPOJIEMOHCTPUPOBAHHYIO CETEBBIM B3a-
MMOJICHCTBMEM BO3MOXHOCTb B OymyIIieM
caenaTh IMCTAaHIIMOHHOE OOYJYEHME CTYICHTOB
0oJiee TPOAYKTUBHBIM.

JINTEPATYPA

1. Kounesa JI. ®@., [TnaroHosa O. A. OpraHuzanus
B3aumoseiicTBus co mkojgamu CBAO (maremartuka) //
Tpymst koHbepeHY «/1OT: IpoGIeMbI ¥ METOIBI». — M.
MUWUT, 2014. — C. 13—15. ®

NPOAOSHKEHVE TEMBI

BO3HaHUI0, reorpaguu, 0onaoruu, UHGopmMa-
THKe, xuMuu. Ha ¢akyssrete Takke padboraer
Ki1y0 «FOHBIH XKe1e3HOJOPOXKHUK» — JUTSI yda-
1mxcst 8—11-x K1accoB cpeaHei 1IKObL. 3aHsI-
THS B KJIyOe IOJIE3HbI JIJISI TeX, KTO TaK WJIu
MHa4e XOTeJl ObI CBSI3aTh C JKeJIE3HOM T0pOroi
CBOIO JIAJIbHEHIIIYIO 3KM3Hb, KTO MHTEPECYeTCs
TEXHUUYECKUMU TOCTHKEHUSIMU TPAHCIIOPTA.
Kypc oGydeHust paccyuTaH Ha 4YeThbIpe roja.
Kaxnpim JieToM ydaniuecsi UMEIOT BO3MOXK-
HOCTh paboTaTh Ha Majioii MOCKOBCKOI JIeT-
CKOIf XeJIe3HOi nopore (B MOAMOCKOBHOM
KpartoBo) 1 Ha npakThKe 3HAKOMUTBCS C XKe-
JIE3HOIOPOXKHBIMU IPOGECCUIMHU, B TOM YKUCTIC
MOMOIIHMKA MAaIlIMHKUCTA U MAIlIMHUCTA.
DaKyIIBTeT YKe JOJIT0e BpeMst oI pKIBa-
€T IOTOBOPHBIE OTHOIIEHMST CO MHOTMMU CPE/I-
HUMU y4eOHbIMU 3aBeicHUSIMU MocKBbl, [Toa-



MOCKOBbSI M IPYTUX PETUOHOB CTPAHbI O COTPYI-
HMYECTBE B 00JIaCTU JOBY30BCKOI1 ITONTOTOBKU.
‘YHUBEpCUTET B 3TOM IUIaHE OKa3bIBACT IIKOJIAM
OpraHM3allMOHHYI0, METOIMIECKYIO 1 KIPOBYIO
TTOMOIIIb.

AKTYaJTbHOCTb COBMECTHBIX JEHCTBUIA TTO/I-
TBEpPXKIIEHA PEIIEHUSIMU CTOJIMYHOTO IPABUTE b~
ctBa. 27 aprycra 2013 roma Ha ero 3acegaHUM
ropozckoii raBa C. CoOsIHUH paccKasal O Th-
JIOTHOM TIPOEKTE 10 OpraHU3aIuu ITPOMDIITHEHO-
ro 0Oy4YeHMsI B BBICIIMX YYEOHBIX 3aBSACHUSIX,
PacCIIONIOKEHHBIX Ha TeppUTOPUK MOCKBBI: «IMBbI
JIOTOBOPYJIMCH C PEKTOpaMU O MPOBEICHNH Ta-
KOTO0 3KCIIepUMeHTa — CO31aHny Mpy By3ax10—11
KJIaCcCOB, TJe MOXHO TOJYYUTh MOTHOLIEHHOE
0o0pa3oBaHUE U, C APYrOii CTOPOHBI, TTOATOTO-
BUTBCSI B KOHKPETHBIH By3» (http://www.mos.ru/
authority/activity/education/index.
php?id 14=26723).

OOyueHue B Mom00HOM (hopMe TTO3BOIISIET
LIKOJIbHUKAM TI0JIy4aTh 3HAHUS HETTOCPEICT-

BEHHO OT ITperofaBaTeieil By30B. Yxe ¢ 1 ceH-
Ts16pst 2013 roma B BricIiieit 11Koj1e 5KOHOMU-
K1, MOCKOBCKOM TOCyIapCTBEHHOM YHUBEP-
curete nyteit coodmeHus (MUNUT), MUOU
n PITY mmanupoBaiock nMmeth 671 crapiie-
KJIACCHUMKA B IIMJIOTHBIX KJIacCax, KOHCTaTUPO-
BaJl 1.0.pyKOBOAMTEIS IerIapTaMeHTa 00pa3o-
Banus M. Kanuna.

HHTepec By30B K 3TOMY IIPOEKTY PacTeT,
U B JajJbHEMIIeM UX KOJUYECTBO CPEIU CO-
TPYAHUYAIOIIMX CO LIKOJAMU YBEIUYUTCS.
B coorBeTcTBUM ¢ pe3yibTaTaMM OIpoca
MOCKOBCKOro 1IeHTpa KayecTBa oOpa3oBa-
Hus, yxe 11 Thic. yaeHukoB 8—10 KiaccoB
BbIPA3WJIM XeJaHWE YIUThCS B JIMLIESIX, Ha-
XOJISIIIMXCSI B COCTABE BBICIIMX yU4EeOHBIX 3a-
BEJICHUM.

®uHaHCUpOBaHUE O0YUEHUS CTapIleKIac-
CHUKOB B By3aX JIOJDKHO OCYILECTBIISITHCS 38 CYET
OromxkeTa ropoga MOCKBBI 110 €IMHBIM HOpMa-
TUBaM. ®

ON IMPROVING THE QUALITY OF MATHEMATICAL KNOWLEDGE
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ABSTRACT

Decline in the level of mathematical knowledge
at school, along with a general deterioration of
competences of prospective students entering
technical higher education institutions exacerbate
the quality of acquisition of knowledge in
engineering disciplines. Lecturers of Mathematics
and Physics departments of MIIT in cooperation with
the schools of North-East Administrative District
of Moscow created a program of additional study
of mathematics, which is designed to reduce the
gap between the current level of school training
and requirements of higher education institutions
to newcomers, beginning to study at universities.
The article presents the first results of a promising
cooperation.

ENGLISH SUMMARY

Background. The issues of improving the
quality of education are touched upon in numerous
publications in the press, at themed conferences,
educational community have long recognized the
relevance of the related tasks, and the consequences
of increasing loss of knowledge among the younger
generation of Russians. Department of Education of
the Government of Moscow, as well as other regional
specialized agencies appealed for improving the
quality of training of school children of the capital in
the most serious academic disciplines (mathematics,
physics, computer science, foreign language).
It was supposed to involve in the implementation
of the planned program not only school teachers

but also professional teams of lectures of Moscow
higher education institutions. Location of MIIT with
its powerful innovative educational base in the North-
East Administrative District gave an impetus to the
idea of combining intellectual and organizational
resources of the University and the schools of this
administrative district.

Objective. The objective of the authors is
to provide some useful data on a new approach
to enhance knowledge of school children in
mathematical disciplines, which is implemented by
MIIT and school of North-East Administrative District
of Moscow.

Methods. The authors use descriptive method.

Results. It is in four areas of education,
highlighted by the Moscow department, there is
the most conspicuous gap between schooling and
requirements of a higher education institution to
students, starting their learning. Deep and strong
basic school knowledge is the basis of successful
acquisition of university programs in engineering
disciplines and future career of today’s students.

To implement the objectives of improving the
quality of school children knowledge, in particular, in
mathematics, lecturers of mathematical departments
of MIIT conducted analytical and methodological
work related to the assessment of the current state
of school training, identifying the most pressing
issues and identifying measures to eliminate them.
Representatives of physical departments of the
University conducted similar operations.

After discussion with school teachers of
North-East Administrative District a program was

® MUP TPAHCNOPTA 04°14
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developed for additional study of mathematics that
uses a unique modular approach with the ability of
continuous development and subsequent changes
in the individual modules. A distinctive feature of this
created complex was using the portal MIIT- schools
of North-East Administrative District.

Guidance papers and webinars, which are
posted on this portal, caught the interest of many
school children and arouse many questions.

In addition, there are video lectures on
fundamental topics of the course in mathematics,
as well as system of training tasks, which are free
to be used by visitors of the portal.

The practical significance of the joint program
of a school and a higher educational institution is
the ability to:

- give a deeper knowledge of complex
subjects of the course in mathematics to meet the
requirements of future university programs;

+ change the sequence of presentation of
program modules, taking into account the variety
of textbooks used in schools;

+ study video lectures on the portal (in any
quantity and at any time);

- use a system of special training to test
knowledge.

Classes on the proposed program require
regardless of time expenditures to identify
children with high intellectual abilities, interest
(TS et repin o v L = demogponaiorant -] e
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Pic. 2. L. F. Kochneva conducts a webinar.
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in independent cognitive activity and to create
conditions to bring their talent to light.

Analysis of the final school tests (EGE) showed
massive difficulties in dealing with the so-called text
tasks using the notion of a module. Namely, their
specificity is the closest for duties of an engineer or an
economist. After all, the solution of any text task means
mostly an ability to construct a mathematical model
of the process in question, and to find an adequate
method of calculation. University lecturers constantly
face challenges, when students have to interpret
correctly the texts proposed for consideration.

One characteristic nuance: EGE results show
that a particular school child is consistently good at
solving tasks of one type and also consistently makes
mistakes in the tasks of other types. The university has
prepared and tested an innovative system of training
assignments on specific types of tasks (group B).
This gives a school child a chance to learn to deal
with just those kinds of mathematical tasks that he
is not good at.

As lecturers of mathematical departments of MIIT
recorded and posted on the portal a few video lectures,
it is important to emphasize that this has brought
undoubted benefits, e. g. they give a school child an
opportinuty to:

 work with offered materials at a convenient time;

« listen to a lecture as many times as it takes for a
complete digestion of the material;

+ ask questions at the next webinar.

It should be noted that video lectures are
accompanied by interesting graphic material designed
to make digestion more vivid and memorable (see
Pic. 1, 2).

Conclusion. The first results of the application of a
developed program designed to improve the quality of
mathematical training of school children demonstrate:

— Greatinterest of school children from North-East
Administrative District in the program;

— The need to continue this work, which is useful
both for schools and for the university;

— Willingness to seek new forms of cooperation
with potential students, which give school children a
sustainable need to obtain professional knowledge;

— The possibility, which was proved by network
interaction, to make distance learning of students more
efficient in future.



Keywords: education, higher education institution, school, mathematics, quality of education, joint

program, innovative approach.
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DISCUSSION OF THE TOPIC

In abroader context the problem of advanced
adaptation of knowledge, acquired by pupils in
secondary school, to the requirements determined
by university syllabus is one of the most important
and frequently discussed. It is of the same
importance for the entrants themselves as well as
for the technical universities.

t was as long as in 1996 that Moscow State
I University of Railway Engineering

established a special faculty of pre-university
training intended for 9th to 11th year pupils of
secondary schools (last three years before
graduation in Russia). The training is delivered
in classes, par correspondence, in remote and
blended forms as well as in special weekend
groups. The curriculum depends on the further
targeted university courses and covers all the
disciplines that are considered at the enrollment,
including mathematics, physics, Russian
language and literature, foreign languages,
Russian history, social sciences, geography,
biology, chemistry. The faculty also serves a base
for the club of young railway men for the pupils
of 8th to 11th classes of secondary schools. The
meetings and classes in the club are useful for
those who would like to begin a professional rail
career or is interested by technical developments
in transport sphere. The courses last for 4 years.
After every academic year the pupils have
possibility to work at Small Moscow children
railway (in Kratovo near Moscow) where they
can develop practical skills of rail professions,
e. g. of a locomotive driver assistant or of a
locomotive driver. The faculty has traditional
relations with many secondary schools in
Moscow, Moscow and other Russian regions
based on the agreement on pre-university
training. The MIIT University rends

Bl

organization, methodological assistance and
staff to the schools in order to provide quality
pre-university training.

The urgency of such training (realized inter
alia for a long time in MIIT) has been recently
confirmed by the decisions of the government
of the city of Moscow. The Moscow major
Sergey Sobianin during the session of Moscow
government on the 27th of August 2013 spoke
about a pilot project of targeted training in
higher educational institutions of Moscow. «We
have come to a n agreement with rectors to hold
such an experiment. We shall create classes in
the universities for the pupils of 10—11th classes
where they can obtain secondary education and
at the same time prepare themselves to enter the
given university», he said (http://www.mos.ru/
authority/activity/education/index.
php?id_14=26723)..

The pilot classes will give opportunity to have
classes using the structures of higher school and
to get knowledge directly from university
professors. The first stage was planned to be held
in Higher school of economics, Moscow, State
University of Railway Engineering, Moscow
Engineering and Physics Institute (University),
Russian State University of Humanities. The
head of Moscow city education department
outlined the growing interest of other universities
to the project that would result in the growing
number of participants. In accordance with the
results of a survey held by Moscow center of
education quality more than 11 thousand senior
pupils expressed their desire to continue their
studies in that type of lycees or junior colleges
within the universities. The funding of training
will be supported by Moscow city budget on the
basis of respective common city standards. @
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OBPASOBAHVE WV KAL

KomMmneTeHUuu pykoBoauTeneu
npu ynpaeJjieHn NnepcoHanom

Bnagumnp MNA3KOB
Vladimir N.GLAZKOV

Apxaneeavckas Oxcana
Bacuavesna — nauanvnux
cexkmopa Kopnopamueroeo
UeHmpa pazeumusi npo-
heccuonanbHoeo obyHeHus
nepcornana OAO «PXK/»,
Mockea, Poccus.

Thaskoe Baadumup Huxo-
aaeeut — Kanouoam mex-
HUMecKux HayK, 0oueHn,
NPOPeKmop no MelcoyHa-
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Oksana V.ARKHANGELSKAYA Oksana A. ARKHANGELSKAYA  ayoum», Mockea, Poccus.
B ctaTtbe nsnoxeHo, Kakumun He 6ecnokoiics o mom,
KOMeTeHunssmMu foJkeH obnapate umo y mebsi Hem 8biCOK020 YUHA.

PyKoBOAUTE b A5 PeLUeHNs
COBOKYMHOCTU MOCTaBJIEHHbIX Nepes
HUM 3a4a4 C y4eTOM UHHOBAaLNOHHOIO

bBecnoxoiics 0 mom, docmout au moi Mmoeo,
4mMoObL UMEMb GbICOKULL YUH.

pasBuTUsi NPogeccruoHaIbLHOro Kongpyuuii

Y TBOPYeCKOro rnnoreHuynana PeABABIAECMBIC K COBPEMCHHOMY

cBoOeVi opraHu3auunu, noBbILLIEeHUS yIpaBJICHUYECKOMY TIEpPCOHAIy 0oJjiee
a¢pPeKTUBHOCTU U pe3yIbTaTUBHOCTHU BBICOKHME TpeOOBaHMS HalleJICHBI

ee npon3BOACTBEHHON AEATE/IbHOCTU.  1a 1o, YTOOBI ITOJTHEE PACKPHITH TNYHOCTHBIC,
Oco6oe BHUMaHUE yAENEHO  ooniie TipoheccHOHATBHBIE KAUeCTRA KakK-

npassieH4e CKUM KOMINeTeHUNsIM
ynpasneH4ec omneTeHL > moro paborHuka. [TosTOoMYy 1F06OMY PyKOBO-

KOTOpPbIe BaXKHbI NPV JINHEHHOM
WM MPOEKTHOM nog4mHeHyy WSO CIIEYeT HEIIPEPHIBHO MO/NIEPKUBATH

pPaGOTHUKOB, a TaKXe KOPropaTuBHbim ¥ TIOBBILIATh CBOM YPOBEHD 3HAHUI, KOMITe-
KOMMeTeHUNsIM, OCHOBaHHbIM  TEHLUI, TOTOBHOCTb 00ECIEeYMBATh UHIVUBHU-

Ha LUEeHHOCTSIX, CTpaTerny passuTusl, IyaJabHBIN ITOAXOMI KO BCEM IMOTIYMHEHHBIM.
mMuccumn, 3TN4eCKUX HopMax KOMnaHuu. Cr1oXuBIIAsICSI CUTYaIUsI BEICOKOI cMe-
HSE€MOCTH KaJpOB U CYLIECTBYIOIAs CUCTE-
Ma IICUXOJIOTMYECKOU JMaTHOCTUKU U OTOO-
pa pyKOBOAUTEJICH TOTICPKUBAIOT ITPOOJIe-
MY OIIEHOYHBIX KPUTEPUEB IIPU DOPMHUPO-
BaHUU pe3epBa Pa3HOYPOBHEBOTO
KOMaH/JHOTIO COCTaBa XeJIE3HOJOPOKHOTO
TpaHcniopTa. [Ipogomxkatomeecs pepopmu-
poBaHUuE OTpac/ii He CHUMAaeT OCTPOil Mo-
TPeOHOCTU B CIIELIMAINCTaX, 00JIagaloInxX
HaJeXXHBIMU 3HAHUSIMU U CITOCOOHBIX T'pa-

PYKOBOANTEJIb, YrpaBieHne,

KOMMAETEHLMM, Pa3BUTUE YNPaBIEHIECKMX MOTHO BBIITOJTHATH CBOU HOJIKHOCTHBIC
Y IPOGECCHOHANbHBIX HaBbikos., PYHKLHHI, MPOMEeCCHOHATbHO YIPABISATh
I | UCJTTOBEYECKMMU pecypcaMu.
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PrlHOYHAasT 3KOHOMHKA, OCHOBaHHas
Ha KOHKYPEHIIMU W MPEeanpUHUMATEIbCTBE,
a He Ha MepapXUueCcKOM ITOMYMHEHNUU XO3STICT-
BEHHBIX ITPOLIECCOB, HY>KIAeTCsI HUKAK HE MEHb-
11Ie, a 1axke OOJIbIIIE B MEHEIKepax, YeM IPeK-
Has1 cuctemMa. Ho MeHemkepsl 3TH (TO eCThb
JIIOIY, HaydeHHBIC YIIPABIISATH) MOJIKHBI OBITH
COBCEM MHBIMU, HEXeIU paHbIlle, 00JagaTh
MHOTMMU HOBBIMHU Ka4eCTBaMMU.

Bripouem, onpeaeneHHBIH repeae KoMmre-
TEHLIWI He Mpe/IonaraeT KpaitHocteii. Hu B Ko-
eli Mepe HeJlb3s IpeHeOperaTh IIEHHBIM ITOTEH-
LIMAJIOM JEMCTBYIOIINX paOOTHUKOB yIIpaBJie-
HMSI, 3HAIOIINX PEaIbHOCTh, UMEIOIINX HeMa-
Jyl0 Tpo¢deCCUOHAJbHYIO MOATOTOBKY,
MPUYYEHHBIX K IUCITUIUIMHE, YIIOPHOMY 1iejIe-
HampaBJIeHHOMY TPYLY.

Ecnu B39Th HEMOCPEACTBEHHO IMPEIMET
KOMIIETEHLIUI PYKOBOIUTENIEH U PACCMOTPETh
ero 0oJjee IeTaabHO, TO HEU30EXKHO BCTAHET
BOIIPOC, KAKMMMU K€ KOMIIETCHIIUSIMU OHU
JTOJKHBI 00J1a/1aTh, YTOOBI 0KA3aThCsI TOTOBBIMU
pelIaTh CTOSIIIIME TIepe HUMU 3a1aull.

[NosiBieHMe crucTeM ympapieHUs epcoHa-
JIOM Ha OCHOBE KOMIICTEHIIMI BBI3BAJIO B I10-
cJeaHee BpeMsl He TOJIbKO BOJIHY SHTy3Ma3Ma,
HO U MHOXECTBO IPOOJIeM 13-3a HOBU3HBI
npeaMeTa U HEIOIIOHMMAaHMS CaMOM 3TOM MO-
nenv. bonblMHCTBO TpobieM ¢ KBanuduKa-
LYel 1 IPUMEHEHUEM KOMIIETEHLIAM IIPOUCTE-
KaeT 13-3a OTCYTCTBUSI OOIIIETO BUACHUS TOTO,
YTO X€ OHU COOOI IPENCTaBISAIOT B CUCTEME
YIpaBJICHUS TIEPCOHAIOM.

Kaccuueckuii 6u3Hec — cucTteMa pecyp-
COB, yIIpaBJeHME KOTOPBIMU HaIpaBICHO
Ha IOCTIDKEHUE 1IeJIei TpeApUHUMATEIbCT-
Ba. YeThIpe OCHOBHBIX pecypca J1000i KOM-
MMAaHUM — 3TO KJIMEHTHI, IepCOHaNI, (DMHAHCHI
1 Ou3Hec-TIpoliecchl. B HEKOTOpoM cMEBICTe
TaKKe PeCyPChI IMPEACTABISIOT CO00i MPOTH-
BOIIOJIOKHOCTH, SIBJISTFOIIMECS , KaK U3BECTHO,
JIBVIKYIIEH CUIOl 11000ro pa3Butus. B Tom
yuciie u aas cepsl 6usHeca. Hampumep,
¢UHAHCH — BHYTPEHHUI pecypc, a KIUeH-
THl — BHEILIIHUM, TIEpCOHA — OOIIIeYeIOBeUe-
CKME OTHOIIIEHHsI, B TO BpeMsl KaK OM3Hec-
MIPOLIECCHl — pallMOHaIbHbIC TEXHOJOTHUU.
I[IpryeM MMeHHO GajlaHC 3TUX MPOTUBOIIO-
JIOXKHOCTEH ieJlaeT MeHEIKMEHT 9(PPeKTHUB-
HBIM, a OU3HEeC — yCTelHbIM [1].

CriocoOHOCTb, HeOOXOaMMAsI JIJIsT pellIeHUS
pabouux 3amad U MOJYYEHUS OXKUIAEMBIX pe-
3yJIBTATOB, YalIlle BCErO OMpPEeAesieTCs KaK KoM-
nemeumuocms. CIIOCOOHOCTD, OTpakKarolas

alieKBaTHBIC CTAHIAPTHI IIOBEICHM S, KBATU(PU-
LUPYETCs KaK KOMNemeHUuUs.

ITpu 5TOM KOMMETEHIINS MOXET BBISIBUTD
CUJIbHBIE CTOPOHBI YeI0BeKa M KauecTBa, KOTO-
pble OH 00sI3aH YJIyYIIUTb.

C npyroii CTOPOHBI, KOMIIETEHIIUM — 3TO
CITOCOOHOCTh KOMITAaHMH 1 €€ TIEPCOHAIA COXpa-
HATH TpeOyeMblii (PYHKIIMOHAJIBHBIN YPOBEHb
B COOTBETCTBUU C OIPEACICHHBIMUA BUICHUEM,
MUCCHEl U LIEHHOCTSIMU. To ecTh, 0 CYyTH,
KOMIIETCHIIMY BCTPAUBAIOTCS B OOIIIYIO CUCTEMY
yIpaBJIeHUs IEPCOHAIOM, HallpaBJIeHbI Ha 10-
CTHDKEHME CTPaTernIeCKUX 1IeJIeil U IPU3HAHBI
B PaBHOI CTENEHU M KOMIIAHUEH, U KaXKIbIM
W3 ee COTPYIHMKOB.

KommnereHimst onviieTBopsieT MHTerpabHOe
KavecTBO, COUeTaloIee B ce0e 3HaHMSI, HABBIKU
M YCTAaHOBKM YeJIOBEeKa, OIMCAHHOE B TEPMMHAX
Ha0II0IaeMOro MOBEACHUST Ha pabouyeM MecTe.
Hannyre HeoOX0IMMBIX KOMITETEHLIMI — 0051~
3aTeIbHas IMPEIIOChIIKA K YCIIeXy pabOTHUKA.

TTon xoMmeTeHIIMSIMU BITpaBe TIOHUMAThCS
U COBOKYIHOCTb 3HAHWM, YMEHUI, HAaBbIKOB,
a TaKKe TMYHOCTHBIX KAYeCTB, KOTOPhIE TIOMO-
TaroT BBITOJIHEHUIO pabOTHI B CBOEH OpraHu3a-
1IMH T10 OTIpeeJICHHOMY CTaHAAPTY, [IPUHSTOMY
MMEHHO B HEW CaMOM.

B 3apy0ekHBIX McCIe10BaHMSIX KOMITETeH-
THOCTD Yallle BCEIrO pacCMaTpPUBAETCsI KaK MH-
TerpajibHoe sIBJieHHe, B KOTOpOoM IrddepeHIIm-
DYIOTCSI:

a) KOMIIETEHTHOCTb, CIIOCOOCTBYIOIIIAS
KOHCOJIMIAIINY PEIICHMI, IPUMEHEHUIO HAaBbI-
KOB B YCJIOBUSIX OBICTPO MEHSIIOIIMXCS TPeOOo-
BaHUM BHEILHENU CPEIb;

0) KOHIIeNTyaJIbHasi KOMIIETEHTHOCTD;

B) KOMIIETEHTHOCTbh B @MOIIMOHAJIbHOM
cepe, 00J1aCTU BOCTIPUSITHS,

T') KOMIIETEHTHOCTh B OTIEIbHBIX cepax
JIeATeTbHOCTH [2].

ITpoananu3npoBaB pa3TMIHbIC UCCASIOBA-
HUSI, MOXHO CIeJIaTh BBIBOJI O TOM, YTO KOMIIE-
TEHTHOCTD BCeraa BKIIIOYAET B CEOsI:

— 0a30BYIO XapaKTEPUCTUKY UeI0BeKa, KO-
TOopasi IPUIMHHO CBsI3aHA C OILIEHMBAEMbIM
Ha OCHOBE KpuTepueB 3G (GEKTUBHBIM U/WIN
HaWTYJIIM UCTIOJTHEHIEM IIOPYYEHHOTO JIeN1a;

— ONMCaHUe MOBEACHUS WU IEUCTBUS,
KOTOPBIE OOBIYHO HAOTIOMAOTCS ITPU XOPOIIIEM
BBITIOJTHEHUU PaOOTHI;

— TIOBEIEHYECKYIO XapaKTePUCTHUKY, TIpem-
MOJIATaoIIyI0 CIIOCOOHOCTh COTPYIHUKA BbI-
TOJTHATH pabourie (GYHKIIMHU B pyciie MPUHSITHIX
CTaHIIAPTOB ITOBEICHMUS;
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Taoumua 1

DJieMeHTBI MOJIe) I KOPIOPaTHBHBIX KoMneTeHuii xommuara OAO «P2K]T»

KomMneTeHTHOCTb Hannuve npodeccnoHanbHom KOMneTeHTHOCTU. CNOCOBHOCTL YYUTLCS U Pa3Bu-
BaTbCs. [OTOBHOCTb AE/UTLCS ONbITOM U NepefaBaTb 3HAHUS.

KnMeHTooOpneHTMpPo- | 3HaHMEe TEKYLLMX U MePCeKTMBHbIX MOTPeObHOoCcTel knneHToB. OpueHTaums

BaHHOCTb Ha nonb3y ons kKNneHToB. OTHOLLEHWE K KoNifleramM Kak K BHYTPEeHHUM KiMeHTam
KOMMaHuu.

KopnopaTnBHOCTb OpuveHTaums Ha MHTEPECHI KOMMaHUK. YmMeHne paboTaTtb B kKoMaHae. HaueneH-
HOCTb Ha pe3ynbTart.

KayecTBo 3HaHue NoNNTUKN U CTaHAapPTOB kadecTBa. OpueHTaLms Ha ka4ecTBo 1 addek-

TUBHOCTb. OBGecnevyeHe 6e30nacHOCTU.

KpeaTtnBHOCTb/ NHHO-
BaLMOHHOCTb

HaueneHHOCTb Ha yny4ylleHue peaynbraTta. BoiasuxeHne nHnumaTme 1 BHeape-
HUEe MHHOBauUMi. MNoanepxkka MHULMATUB KOJET.

JlnpepcTteo

HOro AaBlieHns.

BoogaylieBneHne 1 BoneveHune Konner. dbdekTnBHas opraHnsaums n perna-
MeHTauus paboTbl kosner. MoTuBMpoBaHue 1 ybexaeHne 6e3 aaMUHUCTPaTMB-

— KJactep (haKTopoB, BKIIIOYAIOIIIA CITO-
COOHOCTH, JIMYHOCTHBIC KayeCTBa, 3HAHUS,
YMEHUsI U HaBBbIKW, HEOOXOAMMBIEC YEJIOBEKY
I10 X0y TPYIOBBIX IIPOLIECCOB.

JInuHble ¥ OpraHU3aIlMOHHbIE KOMIICTEH-
LMY TIPUHSITO Pa3aesIsiTh B 3aBUCUMOCTH OT c(be-
DBl UX IPUMEHEHUSI.

VYIpaBieHUYeCKME KOMIIETCHIIMU — OHU
HEOO0XOIUMBI PYKOBOIUTEIISIM JUISI YCIIEITHO-
ro JOCTUXEHMSI 1ieieii. BaxkHbl B MmepByIo
o4depeb ISl COTPYAHUKOB, 3aHITHIX YIIpaB-
JIEHYECKOM JIeATEIbHOCThIO U MMEIOIIUX pa-
OGOTHUKOB B IOAYMHEHUU: IMHEHHOM (TIOCTO-
SHHOM) UJIU npoekTHoM. [To GoablIomMy
CYETy — 3TO CTaHIAPTHI Ul PYKOBOAUTEICH
B pa3HbIX oTpaciisix. KoMmereHIuu xe cre-
LIMAJINCTa — CIIOCOOHOCTH U JIMYHOCTHBIE
KayecTBa, KOTOPbIE OrPaHUYCHBI BHIIIOJIHE-
HUEeM COOCTBEHHOI pabOThI.

IIpodeccroHanbHy0 KOMIIETEHTHOCTD
MIPUHSITO BOCIIPUHUMATD KaK BHICOKHIA YPOBEHb
creuaJbHbIX NPO(GeCCUOHATbHBIX 3HAHUI
M OBJIaIcHUE Pa3HbIMU cepaMu CITy>KeOHOM
JIeSITeIbBHOCTU, TIIyOOKOE ITOHMMAaHUE HACYILI-
HBIX MPOGhECCUOHATIBHBIX MPOOJIEM, JEIOBYIO
HaJEeXXHOCTh U CIIOCOOHOCTH 0€3011O0YHO
pelaTh Bech Kpyr NpogheCCHOHATBHBIX 3a1a4.

Hamuuue npodeccroHanbHbIX KOMIIETEH-
LI SIBJIIETCS YCIOBUEM (DOPMUPOBAHUS M Ka-
YECTBEHHOTO BBITNOIHEHMS ITPODECCUOHATBHOM
nesTeabHocTh. CoepkaHue TaKX KOMITETeH-
LMl 3aBUCUT OT KOHLENTYaJIbHOIO ITOAXO0/a,
IIPY 3TOM, KaK MPaBUJIO, aKIICHT JeIaeTCs
Ha CIIOCOOHOCTH BBIITOJIHSATD OXXUIAEMbIe JICi -
CTBMSI B paMKax UCIOJIb3YeMbIX CTAHIAPTOB IJIsT
npodeccun [3]. KoMneTeHTHOCTHBIN MOAXO,
K OLICHKE KaHIMIATOB B KaJPOBBIil pe3epB MO-
3BOJISICT BBISIBUTh MX CUJIbHbIE CTOPOHBI
U B TO K€ BPeMsI Te KaueCTBa, KOTOPbIe HEO0XO-
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JIIMO YJIY4IIIUTh, YTOOBI HOCTUTHYTh OIITUMAJIb-
HOTO pe3yibTaTa Ha paboueM mecTe [4].

[IpodeccrnoHalbHO-TEXHUYECKIE KOMIIE-
TEHIIMU — 3TO KOMIIETCHIIM , KOTOPBIE IPEIyC-
MOTpPEHBI B OTHOILIEHUY OIPe/IeJICHHOM IPYIIIbI
JnokHocTeli. OCHOBHBIE XapaKTePUCTUKU:
CITIOCOOHOCTh NTPUMEHEHUST 3HAHMI Ha TIpaK-
THKE, 00beM 3HAHU, OPUEHTUPOBAHHBIX
Ha OTPeOHOCTU UMEHHO CBOETO BUIIA ACSTEITb-
Hoctu. CocTaBiieHue peecTpa IpodeccoHalb-
HBIX KOMIETECHIIMIA IIJIsI BCeX MOJDKHOCTEH
B OpraHu3aluy — OYeHb TPYAOEMKMIA 1 IIOPOi
JUIMTEJIBHBI ITpoliecc. B HEKOTOPBIX KOMITaHM -
SIX TEM HE MEHEe YKe CYIIEeCTBYIOT COOPHUKHU
€IMHBIX KOPIIOPATUBHBIX TPEOOBAHUIA JUISI Ka-
KJIOM TOJDKHOCTY PYKOBOAMTEICH 1 CIIeLIAAII -
CTOB.

KiroueBbie KOMIETEHIIMU 00eCIIeYnBalOT
YHUBEPCAIBHOCTD CIIELIMAIMCTA U TTI03TOMY
HE MOTI'YT ObITh CJIMIIKOM CIIeLAaIU3UPOBaH-
HbIMU. OIHAKO YHUBEPCAJIbHOCTh HE CHIKAET
3HAYMMOCTb KaXIOM M3 TAKUX KOMITETCHIII
B OTICJIbHOCTHU, IIPOCTO MM CBOICTBEHHbI O0JIee
MaccoBasi BOCTpeOOBAaHHOCTb U PeryJjisipHast
MIPUMEHMUMOCTD B TUTIOBBIX PA00OUMX ITPOLIeCCaX,
COXPaHSIIOIIME ITPY 3TOM UX HOCUTEISIM B HYK-
HBIii MOMEHT BO3MOXHOCTb JICCTBOBATh CAMO-
CTOSITEJIbHO M OTBETCTBEHHO.

KopriopaTuBHBIE KOMIIETEHLIUA — 3TO TE,
KOTOpPbIC TIPUMEHUMBI K JII0OOH TOJKHOCTH
B OpraHM3alliK, OHM OCHOBAHbBI HA LIEHHOCTSIX,
TPAIULIMSIX KOMIIAHUH, a TAKXKE CTUJISIX YIIPaB-
JICHUSI, XapaKTEePHBIX JIJIsI KOPIIOPaTUBHOM
KYJIBTYPBI ¥ OTBEYAIOLIMX IIPEXe BCETO CTpa-
TETUU Pa3BUTUST, MUICCUM OPTraHU3aLIN, KOICK-
CY KOPIOPaTUBHOM 3TUKMU.

Kak 13BeCTHO, KpOME MOTMBAIlMOHHBIX
¢akTOpOB, 0COOEHHOCTE XapaKTepa 1 CIIoco0-
HOCTE Ha MHAMBHIYaIbHOE TIOBSICHME OKa3bl-



BalOT BJIMSIHUE LIEHHOCTU W MPUHIIUIIBI, ITPH-
HSTHIE B OpraHu3anuu. MHorue KoOMIaHUKU
YCTaHOBWJIN, KAKMM IIPUHIIAIIAM OHU TIPUBEP-
JKEHBI, 1 JIOHECJIN UX 10 CBeACHMS CBOUX PadOT-
HUKOB, 0COOCHHO BBIAEISIS TO, KAKYIO POJIb 3TU
LIEHHOCTU JTOJIKHBI UTPaTh B TTOBCEIHEBHOM
JesITeIbHOCTH. HekoTopbie KOMITaHUU KOPITO-
paTUBHBIC TIPUHIIUIIBI ¥ LIEHHOCTH BKJTFOUMIU
B MOJEJIb KOMIIETCHIIMI 1 3a00TSITCSI O TOM,
YTOOBI IOBEICHUE TIEPCOHAJIa COOTBETCTBOBAJIO
MPUHATHIM YCTaHOBKaM [5].

Mognenb KOMIIETeHIIN B JaHHOM ClTy4yae —
¢dopMa 0003HAUYEHMSI TIOJTHOTO Habopa KoMIle-
TEHLNH (C YPOBHSIMU WM O€3 HUX) M MHIUKATO-
PpOB noBeneHUsI. Monen MOTyT conepsKarh Je-
TaJIbHOE OMMCAaHUE CTaHAAPTOB MOBEACHUS
IepcoHaa KaKoro-To MoapasfaeaeHus Uin
CTaHAAPTHI IEUCTBUI, BEAYIIMX K JOCTHKEHUIO
CITeLMAJIbHBIX 11eJIei, HO MOTYT 1 BKJIIOYATh OC-
HOBHbIE CTaHIAPTHI TOBEICHUS, IIPETYCMOTPEH-
HBbI€ 1715 TTIOJTHOTO OIMCAHUS IEJIOBO CTPYKTYPBI
WU ACSTeTbHOCTH, PACCUMTAHHBIX Ha TOCTIIXKE-
HME BCEro KOMILIEKCa KOPIIOPATUBHBIX 1IEJICH.
Hab6op neraneii, BXOAIIINX B ONMCAHUE MOACTU
KOMIIETEHILIMM, 3aBUCUT OT IIPEAIIoIaracMou
cepbl mpuMeHeHus [5].

Pazpat6orannas u npunsarast B OAO «P2K/1»
B 2010 romy Mozenb KOPIIOpaTUBHBIX KOMITETEH-
it «5SK+JI» (Tabmumiia 1) maet Kaxkmomy paboT-
HUKY CBOU OPUEHTUPHI, YTOOBI TIOMOUYb EMY
pellaTh CTosue nepea HuM 3agadu. opmysia
«SK+JI» Bkmovaer B ceds1: KoMIeTeHTHOCTD,
KnuentoopuentupoBaHHocTh, KopropaTus-
HocTb, KayectBo, KpeatuBHOCTb M JIMaepcTBO,
IMOKa3bIBaeT, KaK OOIIMe ISl BCeX LIEHHOCTU
JIOJKHBI TIPOSIBISITHCSI B pabOTE OTIECIHHOTO
corpynHuka. [TposBisisa cBOIO cIOCOOHOCTh
K Pa3BUTUIO, OPUEHTUPYS JUIYHOCTHbBIC UHTE-
peChl Ha MTHTEPEeChI XOJIIMHTa, 3aHUMAsICh CaMO-
obOpazoBaHueM, 00yJasich paboTaTh B KOMaHJIE,

TIPOSIBIISISI MHUITUATHBY, TBOPYECTBO, IUACPCKIE
KayecTBa, Halle/IMBasi Ce0s1 Ha pe3yJ/IbraT, Kax-
IIBIA 13 COCTaBa MepcoHala CMOXKET B KOHIIE
KOHIIOB HAay4UThCS OIICHMBATh YPOBEHB CBOMX
KOPITOPaTUBHBIX KOMITCTCHITUIA.

BbIBOObl

DddexTuBHaAs ACATETLHOCTh KOMITAHUN
JIOCTUTAeTCs B TOM YHUCJIE 3a CUET TMOKOI 1 pe-
TYJSIPHO OOHOBJISIEMOM CHCTEMBI YITPaBJICHUS
KaJpaMu, IIPUMEHEHMs] MHHOBALIMOHHBIX TeX-
HOJIOTUIA, OIIepaTMBHOI'O COBEPILIEHCTBOBAHUST
BCeX HalpaBJICHUIA pa3BUTHsI 1 000CHOBAHHOM
OYEpETHOCTH B peau3allii MOCTABICHHBIX
3aga4. KOMIeTeHTHOCTh BhICTYIIaeT 6a30BbIM
YCJIOBMEM TaKOT'O YPOBHSI PYKOBOJISILMX ITO3M -
LW, ¢ OOBEKTUBHOM TOYKHU 3PEHUSI SIBJISIICH
B M3BECTHOI Mepe CHHOHMMOM ITPOohecCroHa-
JIM3Ma.

To ecTh KOMIIETEHTHOCTHBII TTOAXOM IIPU
CTPYKTYPHO-aIMUHUCTPATUBHOM (DOPMUPOBa-
HMM TIepCOHAaIa CTAHOBUTCSI, TI0 CYTH, CTPOTO
onpeeIsoIIMM (haKTOPOM, OCHOBOI ITporpec-
ca ITPOM3BOJICTBA.
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ABSTRACT

The article provides an analysis of the following
issues: what competences a leader should have for
solutions of a totality of tasks at hand, for innovative
development of professional capacity and creativity,
increase in performance and effectiveness of
production activities

ENGLISH SUMMARY

Background. Higher requirements for modern
management personnel are designed to fully disclose
personal, business, professional qualities of each
employee. Therefore, any manager should continuously
maintain and improve his level of knowledge, use an
individual approach to all subordinates.
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The current situation of high staff turnover and
the current system of psychological diagnosis and
selection of executives emphasizes a problem of
evaluation and indicative criteria in the formation
of staff reserve of different level on the railway
transport. The ongoing reform of the sector does not
relieve an acute need for specialists, having reliable
knowledge and being able to competently perform
their job functions, to manage human resources
professionally.

Market economy based on competition and
entrepreneurship, and not on the hierarchical
subordination of economic processes, needs more
managers than the previous system. But these
managers (i. e. people taught to manage) must be
quite different than before, have many new qualities.

However a certain redistribution of competences
does not involve extremes. It is impossible and
inadmissible to neglect a valuable potential of existing
employees with management functions, knowing
reality with considerable training, accustomed to
discipline, persistent purposeful work.

If we take the direct object of managers’
competences to consider it in more detail, the
question will inevitably arise, what competencies
leaders should also have to be prepared to tackle the
challenges they face.

Objective. The objective of the authors is to
investigate modern approaches to competences of
leaders of companies.

Methods. The authors use descriptive method
and analysis.

Results. Emergence of human resource
management systems on the basis of competences
has caused lately not only a wave of enthusiasm,
but also a lot of problems because of the novelty
of the subject and misunderstanding of the model
itself. Most of the problems with the skills and use
of competences stems from the lack of a shared
vision of what they represent in the human resources
management system.

Classic business is a system of resources,
management of which is aimed at achieving the
objectives of entrepreneurship. There are four
main resources of any company: clients, the staff,
finance and business processes. To some extent,
these resources are opposites, which as it is known,
are driving forces of any development, including
the sphere of business. For example, finance —
internal resource, and customers — external
resource, the staff — general human relations, while
business processes — sustainable technologies.
Moreover, it is the balance of these opposites
makes management effective and business
successful [1].

Ability needed to deal with workloads and
obtaining the expected results, is mostly defined as
competency. Ability, reflecting adequate standards
of behavior, qualifies as competence.

Competence can identify strengths of a person
and skills that he should improve.

On the other hand competence is an ability of
a company and its staff to perform the required
functional level in accordance with specific vision,
mission and values. That s, in fact, competences are
embedded in the overall system of human resources
management, aimed at achieving the strategic goals
and recognized equally by the company and each of
its employees.

Competence represents the integral quality that
combines knowledge, skills and attitudes of a person,
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described in terms of the observed behavior in the
workplace. Availability of required competences
is a mandatory prerequisite for the success of an
employee.

Competences can be considered as a combination
of knowledge, skills and personal qualities that help to
perform work in the organization in accordance with
a particular standard, adopted in it.

In foreign research competency is most often
considered as an integral phenomenon in which we
should differentiate:

a) competency, contributing to consolidation of
decisions, application of skills in a rapidly changing
demands of the environment;

b) conceptual competency;

c) competency in the emotional sphere, the field
of perception;

d) competency in specific areas [2].

After analyzing the various studies, it can be
concluded that competency always includes:

— Basic characteristic of a person, which causally
linked with efficient and / or the best performance of
duties assigned, which is assessed based on criteria;

— Description of behavior or actions that are
usually observed by good performance of work;

— Behavioral characteristic, which implies an
ability of an employee to perform job functions in line
with accepted standards of conduct;

— Acluster of factors, including abilities, personal
features, knowledge, skills and abilities necessary for
a person in the course of labor processes.

Personal and organizational competences are
divided depending on their sphere of application.

Managerial competences are necessary for
leaders to achieve their objectives. Primarily they are
important for staff involved in management process
and having workers in subjection: linear (constant) or
project. By and large — they are standards for leaders
in various industries. Competences of a specialist are
abilities and personal qualities, which are limited to
performing his own work.

Professional competency is perceived as a
high level of specialized professional knowledge
and acquirement of different areas of employment
activity, a deep understanding of the pressing
professional problems, business reliability and
the ability to accurately address a full range of
professional tasks.

Availability of professional competence
is a prerequisite for formation and qualitative
performance of professional activity. The content
of such competences depends on the conceptual
approach, while, as a rule, the emphasis is on the
ability to perform the expected actions in the use
of standards for the profession [3]. Competence-
based approach to assessment of candidates in the
personnel reserve reveals their strengths and at the
same time, the qualities that should be improved in
order to achieve optimal results in the workplace. [4]

Professional- technical competences are
competences that are provided for in respect of a
particular group of positions. Main characteristics:
ability to apply knowledge in practice, the amount
of knowledge, focusing on the needs of a certain
activity. Composition of a registry of professional
competences for all positions in the organization
is a very time-consuming and sometimes lengthy
process. In some companies, however there
are already collections of uniform corporate
requirements for each position of managers and
specialists.



Table 1

Elements of the model of corporate competences of the holding JSC «Russian Railways»

Competency Availability of professional competency. Ability to learn and develop. Willingness to share
experiences and transfer knowledge.

Client focus Knowledge of current and future clients’ needs. Orientation for the benefit of clients. Attitude to
colleagues as internal clients of the company.

Corporativity Focusing on the interests of the company. Ability to work in a team. Focus on results.

Quality Knowledge of policies and quality standards. Focus on quality and efficiency. Ensuring security.

Creativity / Focus on improving the results. Taking initiatives and innovation. Support of colleagues’ initiatives.

innovation

Leadership Enthusiasm and involvement of colleagues. Effective organization and regulation of work of
colleagues. Motivation and conviction without administrative burden.

Key competences provide universalism of a
specialist and therefore can not be too specialized.
But the universality does not reduce the importance
of each of these competences individually, they are
characterized by a more regular and massive demand
for applicability in typical workflows, which retain for
their holders an opportunity to act independently and
responsibly at a right moment.

Corporate competences are those that apply to
any position in the organization, they are based on the
values, traditions of a company and the management
style typical of the corporate culture and consistent
with development strategy, organization’s mission,
code of conduct.

As it is known, besides motivating factors,
character traits and abilities individual behavior is
influenced by the values and principles adopted in the
organization. Many companies set, what principles
they are committed to, and they brought them to the
attention of their employees, especially highlighting
the role that these values should play in everyday
activity. Some companies included corporate
principles and values in the competence model and
care about consistency of the staff behavior with
acceptable settings [5].

Competence model in this case refers to the full
form of a set of competences (with or without levels)
and indicators of behavior. Models may contain a
detailed description of standards of staff behavior of
some division or standards of action, leading to the
achievement of specific goals, but can also include
basic standards of conduct, provided for a complete

description of the business structure or activity
designed to achieve the whole complex of corporate
purposes. A set of details, included in the description
of the competence model, depends on the intended
sphere of application [5].

Developed and adopted in JSC «Russian Railways»
in 2010, a model of corporate competencies «5C + L»
(Table 1) gives each employee their guidance to help
him solve the challenges he faces. The formula «5C + L»
includes: competency, client focus, corporativity, quality,
creativity and leadership and it shows how common
to all values should appear in the work of an individual
employee. Showing its ability to develop, focusing of the
personal interests on the holding interests, engaging
in self-education, learning to work as a team, showing
initiative, creativity, leadership, aiming at a result, each
employee of the staff will be able to finally learn how to
assess his level of corporate competences.

Conclusion. The effective operation of the
company is achieved also through flexible and
regularly updated human resources management
system, the use of innovative technology, rapid
improvement of all areas of development and
reasonable priority in the implementation of the
tasks. Competency serves as a basic condition of
this level of managerial positions, being, from an
objective point of view, to some extent synonymous
with professionalism.

That is, competence-based approach at the
structural and administrative formation of personnel
becomes, in fact, strictly determining factor, the basis
of the production progress.

Keywords: management, personnel, leader, competences, development of management and professional skills.
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Hartanbs BOPOHLLOBA

Natalia N. VORONTSOVA

ABTOpPOM 0603Ha4YeHa aKkTyasibHasl
npo6sema B KOMMYHUKaTUBHOM
npocTpaHcTBe 06pa3oBaTesIbHOro
opeHga. B oco3HaHUN NPNYacTHOCTU
CTYAEeHTOB k cBoer alma mater cumBosibi
urparT ngeHTUGUKaLNoOHHYIO,
nporpaMmMupyroLLyio U KOrHUTUBHYIO
posn. Monogoii 4yesoBek

nocpeacTBOM HUX BOCTIPUHUMAET

CBOIO NPUHAaLAJIEXHOCTb K COLUNaIbHO
3Ha4YuMow rpynmne, HacTpanBaeTcs

Ha Hekoe caMornporpaMmMupoBaHue

C NMOMOLLbIO BUAUMOIO B NPEeA/10)XeHHbIX
o6pa3sax cmbicna. [NloHeBosie

8TO os1MueTBopPsaeT JINYHOEe
AanbHelilwee pa3sBuTtue, 6yayLyyro
npogeccuio. A 3Ha4YNT, CUMBOJIbI
ocCyLeCcTB/ISIIOT KOMMYHUKaLUIO

Mexay obpa3oBaTtesibHbIM OPEeH[0M

Y JINYHOCTBIO OOy4aloLLerocs.

KnroyeBbie crioBa: BbiCLUAS LLIKOA,
peviTuHr By3a, 06pa3oBaTesibHbIi
6peHa, KOHKYPEHTOCNOCOOHOCTb,
UAEHTUDUKALMOHHBIN OPEeHANHT,

KopriopatvBHasi U4AeHTUYHOCTb,
coumanbHas agantaums, KOMMYHUKaL WU,
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OBPASOBAHVE WV KAL

CumBonunka By3a
B BOCNPUSATUN CTYAEHTOB

Boponuosa Hamaavsa Huxoaaeena — cmapuiuii
npenodasamens kagheoput «Ilosumonoeus,

ucmopus u coyuanshie mexroao2uu» Mockogckozo
20cyoapcmeeHHoe0 yHueepcumema nymeii coooueHus
(MHUHT), Mockea, Poccus.

M IUTST KOTO He CeKpPeT, KaK BO3pacTaeT

HbIHE 3HauyeHUe peiiTUHra BY30B.

W xaxnplit U3 HUX TIBITAeTCS MpeacTa-
BUTH ce0sI B KaueCcTBe 00pa30oBaTeIbHOro OpeH-
J1a — «Habopa YHUKATbHBIX (DYHKLIMOHAIBHBIX,
SMOIIMOHAJIBHBIX, COLIMAJbHBIX OOCIIaHu
1IeJIEBOMY TIOTPEOUTETIO, KOTOPBIE SIBISIOTCS
JUTSI HETO YHUKAJIbHBIMUA M 3HAYMMBIMU, Hau-
JIyYIIMM 00pa30oM OTBEYAIOIIME ero MoTpeOHO-
ctam» [1, ¢.35].

YHUKaIbHOCTH TAKOTO 00Pa30BaTEIbHOTO
openna, kak MI'VIIC (MUUNT), B bopmate
UIEHTU(PUKALIMOHHOTO OpeHIMHTa OCHOBBI-
BaeTCs Ha OObEeAMHEHUU ABYX CPel: TEXHU-
YECKOUW Y TYMAaHUTApPHOM, Ha UX B3AUMOAEH -
CTBUU M CTPYKTYPMPOBAHUM OYIYIIUX CIIe-
LUAJIMCTOB B KOHTEKCTE BCEM TPAHCIOPTHOM
otrpacau. O ToM, YTO 3TO cpallieHue OyaeT
HapacTaTh, U 3TO BEpHOE HalpaBJeHUE,
B YaCTHOCTH, TTOATBepxKaaeT mpe3naeHT OAO
«PXKJI» B. U. dxynun. 1o ero MHeHUIO,
COBpEMEHHas CUTyallusl TUKTYeT MOTpeo-
HOCTb B HOBOM TOAXOA€ K KOMITETCHIIUSIM
1 HaBBIKaM yIIpaBJIeHUS MEHEIKepPOB, KOTO-
pble «HE JOJIXKHBI MCUEPIBIBATHCS JMIIb
BJIalcHUEM MHXEHEPHBIMU 3HAHUSIMU, OHU
00513aHBI TaKXKe OCBOUTH LIEJbI KOMILIEKC
JUCUMILIMH B chepe SKOHOMUKHU ¥ COLIMATb-
HBIX HayK» [2].



J11s1 06pa3oBaTeIbHOTO TPAHCIIOPTHOT'O By3a
TaKOM IMOCHUT CTAHOBUTCSI BEI30BOM BPEMEHH,
MOKa3aTeieM TOTro, HaCKOJIbKO ITyOOKO MBI T10-
HMMaeM KOHTEKCT HEM30eKHOTO B3aMMO/IEICT-
BUSI TEXHUUECKON M TyMaHMTapHoi1 cpen. Ilon
STUM YIJIOM 3pEHMsI, HAZIO 110J1araTh, CBO CMBICT
o0peTaloT M 3a1a4yu UAeHTU(PUKALIMOHHOTO
OpeHUuHra.

JIOSAJZIbHOCTb K BPEHAOY

OO6pa3oBaTeNbHbIN OpeH OyIeT YCIEITHO
MPUBUBATH JOSILHOCTH K Mapkam «MUHUT»,
«MHUUTOBEII», €CJIM B OCHOBE €€ TIOCTPOEHUSI OKa-
JKETCsI KOPIOPATUBHAS MIEHTUYHOCTh — YYBCTBO
MIPUHAIICKHOCTH K XeJIe3HbIM JI0POraM, IyTsIM
COOOIIECHNSI, HAJIMYMe IIEHHOCTHOIO 3HAYEHUST
y4€OBI B TAKOM 3HAMEHUTOM BY3€, alalTalliOH-
HBbIE ITPOEKILIMH K TPAHCIIOPTHOI cpenie. JlocToeB-
ckuii Ha3bpiBaeT B «bpaThbsix Kapama3oBbix»
(KHuUTe Halleit MeHTabHOCTH ) XIX BeK — BeKoM
«IPOMBIIICHHOCTH 1 3KeJIe3HBIX 1opor» [ 3, ¢.10].
Boemycknnku MUWT B cienyromeM, XX Beke
noctpomsii TpaHccnO, B YMCIIE MX TIPOSKTOB —
Typkcn6, BAM. OHu chIrpanu OrpoMHYIO pOJib
u B unnycrpuamusaiuu CCCP, mobene Han ¢a-
LIICTCKOM [épMaHueli, BOCCTAaHOBJIGHUY CTPaHbI
nocie paspyxu. M B XXI Beke crennaancTsl
C IUIJIOMaMM CTAapeHIero YHUBEPCUTETA TTyTei
COOOILLECHNSI IIPOIOJIKAIOT CO3UIIATh, y4aCTBOBATh
B POCCUICKMX M MEXITYHAPOIHbIX TPAHCIIOPTHBIX
IIPOEKTax.

B my3zee MUMT, KoTophiii peanusyeT cedst
B HECKOJIbKMX paKypcaX, B TOM YMCJIe U KakK
OpeHmoBast yueOHO-TIPOM3BOICTBEHHAS TUIOIIAL -
Ka, CTYyICHThl 3HAKOMSITCSI C UCTOPUEil By3a,
Cyab0aM1 MUMTOBLIEB, IIPUYYAIOTCSI K KOPIIOPa-
THUBHOI OTBETCTBEHHOCTHU Iepes] OOIIECTBOM
U rocyaapctBoM. TyT ke, B My3ee, OHU 3HAKO-
MSITCSI ¢ KHMT'AMU BBIITYCKHMKOB, O BBIITyCKHU-
Kax, ¢ Hay4YHOI CTOPOHOIA UX IeATeIbHOCTH.

K 3710i1 cTOpOHE, B OOJIbILIE MEpPe NCTOPH-
YECKOM, MPUMBIKAET U APYToi pakypc, (popmu-
PYIOIIMI JIOSUIBHOCTh K YHUBEPCUTETCKOMY
o0Opasy. B xoie cTyaeHuecKoii XK1U3H1 00yJaro-
1L1eCsl HAYMHAIOT PeaIbHO OLIYLIATh CYILIECTBO-
BaHUE OTPACJICBBIX HAYYHBIX LIIKOJI ¥ OLICHUBATh
HaIpaBJICHMsI UCCJIeI0BaHMIA CBOMX IIPEIIOIaBa-
TeJieli 1 Kadeap, MpHoOIaloTCsl K IOHUMAHMIO
YHUBEPCATBHOCTHA TEMBI «KeJIe3HasT JOpOoTay,
KOTOpasi 00bEIUHSIET M TEXHUYECKYIO, M TyMa-
HUTApHYIO cephl, a IJTaBHOE — BCE OTYCTIIMBEE
T bEpeHIUPYIOT «CBOM» U «UyXKI€» CIMBOJIBI.
[Ipoucxomut npuoIMKEeHNE K BITOJHE OXKMIae-
MOIi caMOUIEHTU(DUKALIIH.

TPAKTOBKA OBPA3A
NYMAHUTAPUAMUA

B obpazosaresibHOM OpeHIe OObIYHO 3aT0XKEH
Kak rpapryIecKmii, TaK 1 CMBICJIOBOI 00pa3 oc-
HOBHBIX HAIpaBJIeHW UIEeHTU(DUKAITMIOHHOTO
opeHnuHra. COOTBETCTBYIOT JI 3TOMY TETIepelil-
HIE YHUBEPCUTETCKUE CUMBOJIBI?

B xoMMyHUKAaTUBHOM 00pa30BaTEIbHOM
npoctpaHcTBe OpeHa MUMT cyiuecTByeT B Bujie
CHMBOJIMYECKOT0 eIMHCTBA, (POPMUPYIOLIETO MPO-
CTPaHCTBEHHO-BPEMEHHOE ToJie cyobekTa. [1o
pe3yasraTtaM orpoca (orBedami 200 CTyICHTOB,
BBIOOPKA PETIPe3eHTATUBHAST, KBOTHO-CITyJaiiHasT)
BUIHO, KaK BOCIIPUHUAMAIOT CTYIEHTHI CTPYKTYPY
operna MUUT, «reno» KOTOPOTo CTPyKTYpUpY-
€TCsI 1IIBETOBOI 1 TpachmiecKoil CUMBOIMKOMN
«CUHUU CKOPOCTHOM TIOE3/1», & UHTEHIIUS AYIIN
BBIPAXKEHA UMEHEM U BepOAIbHBIM TOCIaHUEM
€I1I€ CO BpeMEH nociieqHUX PoMaHOBBIX: BHaYaje
Mmriepatopckoe yauniie, 3aTeM yCTOSIBLIEECS —
MUUT, B ceroqusIHeM BpEMEHU U MTPOCTPaH-
CTBE — TOCYIapPCTBEHHBIN YHUBEPCUTET ITyTei
coo011eHrs. BusyanbHas coctapistonias oopasa
OTPaXaeT ITyOMHHBIE CMBICIIBI CTYIEHUECTBA KaK
CYOBEKTA COLIMATBHOM KOMMYHUKAIIUU: «Mbl BCE
B OJIHOM TTOE3IE», «CTPEMUMCS BIIEPEN»>, «B HOTY
CO BpEMEHEM», «B OyIyliee», «OTCYTCTBHE TIpe-
MISITCTBUIA: HET TIPOOOK», «KOoMQOpT, be3omac-
HOCTb, CKOPOCTb, CTAOMJTBHOCTD, BKYC K XXU3HW»,
«fopora nosctoy: B EBporny, Azuto».

AHTpPONOJOTAYECKAS U AKCUOJIOTUYECKas
aTpuOyTHKa OpeHIa BBICTYIAET B BUAE NTEPCOHM-
(burmpoBaHHOI CUMBOJIVIKY: CKYJIBITYpA Y TJ1aB-
HOTO KOpITyca By3a — 00pa3 BE4HOro GpOH30BOr0O
cryneHta oopasua XIX Beka ¢ moroHamul, Ha KO-
TOPBIX TOIOP U SIKOPb. YTO KacaeTcs equHCTBA
TYMaHUTAPHOU 1 TEXHUIECKOM chep, To, TT0-BU-
JUMOMY, €T0 IEMOHCTPUPYET MPOIISIABIBAIOLINI
B CKYJIBITTYPHOI (DUTYpE TUTI TTOBEACHUST: C JOC-
TOWHCTBOM JIepXKa B PyKe KHUTY, IOHOIIIa TOTOB
TOCTUTATh 3HAHUS, B €T0 PACIIOPSDKEHUU IIUPO-
KWK CTIIEKTP acCOLMALMI, TTIPOTPaMMUPYIOIINIX
OMPEIEIEHHYIO MEHTAIBHOCTD, YyBCTBA U TIPE/I-
CTaBJIEHUSI, TO3UTUBHOE OTHOLLIEHUE K CYOBEKTY
KOMMYHUKAWW. B ipecTapieHrm OMpoIeHHbIX
CTYIECHT «MOJIOZIELI, EMY XOUETCS MOAPaXaTh»,
«CMOTPUT B Oyayllee», «IJIsI HAC CUOUT U TON
JOXKIEM, TIOJT CHETOM, YTOOBI MBI [IOMHWJIU UCTO-
pUIo, TpaIUINK, yBaxkanu alma maters, «<KieT
CBOW MOE3[», «LeJIeyCTPEMIEHHBIN, COCPENOTO-
YEHHBIH, JTFOOUT YYUThCS (CaM HEBOJIBHO TIOATS-
TWBACIIIECS )», «TBEPI B HOTAX, CBOCIH OCaHKe, KaK
u MUUT», «rOTOB K PBIBKY B HOBOE», «MOXKET
OBbITh TOBAPUILIEM», «IaPUT HaM YacTUILy ceOs»,
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«TIPU3BIBACT [IEJIaTh TaK XK€, KaK OH, BMECTE C HUM,
MJIy4llIe €T0», «<OH C YBaXKEHMEM OTHOCUTCS K IIPO-
XOISIIIMM MUMO».

Torop u sIKOpb Ha TIOTOHAX O3HAYAIOT (KPOMe
OCHOBHOI CMBICJIOBOI HArpy3Ky 00beIMHEHHBIX
BOIHBIX U CYXOITyTHBIX ITyTell) B COEAMHEHUN
¢ rpadUYECKUM JIOTOTUIIOM «CHUHMI 031!
«CTapeMIIiA By3 C COBPEMEHHBIM IyXOM».

B 1ienocTHOM MHTEpHpeTaluy MOy4aeTcs:
«BCE XKIYT CBOI O3>, «A0POTra B KM3Hb», «J10-
pora Ha yué0y, Ha paboTy», «yBEPEeHHOCTb, YTO
JOCTUTHEM MeCTa Ha3HAYEeHMsI», «BCEM XBaTUT
MECTa B [10€3/Ie», «CTAHOBUTCSI peaIbHOI 1 0113~
KO TIOCJIOBULIA «IPhI3Th IPAHUT HAyKI» 1 IIOHM -
MaHMe, YTO «3TO YBJICKATEIbHO.

B urore cumBonuka openga MUWT nocra-
TOYHO ITOJTHO ITO3UIIMOHUPYET CeOsI U1 TyMaHU-
Tapysl KaK MHCTPYMEHT KOHCTPYUPOBAHUS CO0-
CTBEHHOM MIEHTUYHOCTU «MUMUTOBEL» B I10JIE
PA3IMYHBIX COIIMATBHBIX MTPAKTUK.

CUMBOJ1bl B OLIEHKAX
CTYOAEHTOB-«TEXHAPEN>»

CTyaeHTbI TEXHUYECKMX CIIeIMaTbHOCTEH,
BO3MOXHO, HE TaK HYXXIAIOTCS B YCUJICHUU
KOPIOPaTUBHON MACHTUYHOCTH, MOCKOIbKY
M3HavyaJdbHO HalleJeHbl Ha TPAHCIOPTHYIO
chepy caMuMm BbIOOpoM mpodeccumu.
He uckioueHo, YTO CMMBOJIBI AJISI HUX BCETO
JIMIIIb COMPOBOXKAAOIIAs JeTeH A,

W3 200 onmpolleHHBIX 3TOW KaTeropuu
(BbIOOPKA pernpe3eHTaTUBHAsI, KBOTHO-CITy-
yaitHas ) 80% mocelany My3ei, ConepxKaluii
MHOXECTBO YHUMKAJbHBIX 9KCIIOHATOB: J1abo-
patoputo IlpockypsikoBa, ycTaHOBKY Mak-
CUMEHKO, 3HaMEHa COBETCKOTO Iepuoa,
cocyn Kaonykosa. [Tocemanu oHu u kage-
IpajbHble My3er hU3UKHU U reoae3nu. Bume-
nu u 6toct KoueHony, u crenny BonoauHa,
namsiTHUK JI3epxkuHckomy. Bugenu, Ho 70%
0CO3HAIOT 3TU 3KCIMOHATHI TOJbKO KaK yueo-
HBII MaTepual, a He KaK KyJbTypHOE HacJie-
J1e, He KaK CUMBOJIbI. XapaKTepHO, YTO BCe
ObIBaJIM B TOMOBOM XpaMe, HO He BCE MIOMHSIT
YHUKaJbHYI0O MKOHY cBsIToro Hukomnasa Uy-
JIOTBOpIIA, Ile CBATOU NepKUT B JIEBOI pyke
MOJe/Ib TJIaBHOTO KOpPIyca YHHUBEpPCUTETA,
Kak Obl 3aluiias OT BO3MOXHBIX HebJsaro-
MPUSTHBIX BO3ACHCTBUI, MpUaaBas 0opa3o-
BatenbHOMYy OpeHay MUUT xusHecnacu-
TEJIbHYI0 MUCCHUIO, HaChIIlasl ero 6jaromar-
HOM BHepruei.

To, 4yTO Takoli CUMBOJ — penyaiiiiee sB-
JIeHUEe IJIsl YHUBEpPCUTETa, HE OTMETUJI
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HU OIMH YeJIOBEK CPEIr OIPOIIECHHBIX CTY-
JIEHTOB TeXHUYECKUX CITeIIMaTbHOCTEH.

Campblii y3HaBaeMbIii CUMBOJI IS ITPEACTaBU -
TeJael TEXHUUYECKUX CIeLIMaIbHOCTEN — TOT XKe
«BEUHBII CTyIEHT», (PUrypa BpeMEH UMITEpPaToOp-
cKoro yumiuina. B HEM cTyneHThbl BUIIT CBOETO
TMPeALIECTBEHHNKA, C ITOXOXKMUMU IPOoOIeMaMHu.
EcTecTBeHHO, TPOMCXOIUT MASCHTU(MDUKALIMOH-
HBIi1 TIEPeHOC, ¥ Ha €T0 OCHOBE BO3HUKAECT JI0BE-
pue U, KaK CJIeCTBHE, JOSUIbHOCTh K 00pa3oBa-
TeJIbHOMY OpeH1y. XapaKTepHO, 4To 653% pecIioH-
JIIEHTOB MPU3HAINCH: «OCO3HAHUE TOrO, YTO
MUWMUNT — usBecTHBIIT 00pa3oBaTeIbHbBIN OpeHI,
K HUIM TTPUIILIO TTOCIIE TIOCTYTUICHMSI B YHUBEPCH -
TET».

«Jlorotun yHuBepcuTeTa 1 OpOH30BbIN CTY-
JIEHT — CaMble 3aIIOMUHAIOIINECs] CUMBOJIBI» —
Takoii BeIBOA caenana cryaeHTka ['CO-412
Haranbs MiBaHoBa, yyacTBoBaBllIasg B HallleM
MOJIeBOM HCCIen0BaHUU. PekxoMeHaanuu
110 YCUJICHMIO MH(OPMUPOBAHHOCTU CTYICHTOB
110 TIOBOJY YHUBEPCUTETCKUX CMMBOJIOB ITPO-
3BYYau B €€ BBICTYIUICHUHM Ha CTYIEHYECCKOI
Hay4yHOI KoH(pepeHunn «Hayka—TpaHcrnopTy»
BIOJHE 3aKOHOMepHO. OCHOBHBIE HaIpaByie-
HUsT pabOThL: «B XOJ¢ UCTOPUYECKOIO Kypca
paccKas3bIBaTh UCTOPUIO CTAHOBJICHUST YHUBED-
CHUTETa», «II0Ka3biBaTh (DMJIbM O CHUMBOJIAX
YHUBEpPCUTETA JUISI aDUTYPUEHTOB», «CHeJaTh
TpaIuLIMEN BOIUTDH B My3€U HE TOJILKO CTYICH-
TOB, HO 1 aOUTYPUEHTOB>.

DTU peKOMEHIALMHY TIOIYJMIN BOIUIOIICHHE
B Pa3BEPHYTOM BHjIE B JoKiaze ctyneHToK ['CO-
412 Kpuctunsl [aypo, Mapuu [pauéBoii «/IeHb
OTKPBITHIX ABepeit Kak PR-mipoexT», B nccneno-
BaHuu [anmunel JIbicenkoBoi 1 KO Tumodee-
Boii «bpenn MUUWT rnazamu abUTYpUEHTOB».
OHU TIpUBEIM B TOM YMCJIEe U JaHHBIE OIpoca
cpeny abUTypUEHTOB T10 ITOBOLY HaMBaXKHEHIIIe-
TO KpUTEpUs TIpU BeIOOpPE By3a. [TonTBepauioch,
YTO 3TO UMEHUTBIN OpeH ] YHUBEPCUTETA.

Bce 31t11 uccenoBaHMsi TOBOPSIT O TOM, UTO
HazpeJa moTpeOHOCTh B COBPEMEHHOM KOHTEKCTE
BO3POIUTH 3HAUCHUE CUMBOJIOB M KYJIBTYPHOTIO
Hacnenuss MUWT, TecHee cBsI3aTh HBIHELTHME
BOCIMTATEIbHBIC Y COLMATM3ALIMOHHBIC 3amauu
By3a ¢ MpoheCCUOHAIBHON MHKEHEPHOI TIOAT0-
TOBKO¥ CTYJICHTOB 1 MX IIEPCIEKTUBAMM B peasib-
HOI TPYIOBOM XXM3HU HA TPAHCIIOPTE.

B oco3HaHUM MPUYACTHOCTH CTYIACHTOB
K 00pa3oBaTeIbHOMY OpeHy CUMBOJIbI, IO/ -
YEpKHY ellle pa3, UTparoT UACHTU(DUKAIINOH-
HYI0, MPOTPaMMUPYIOLIYI0 U KOTHUTUBHYIO
poau. CTyIeHT ¢ UX IMOMOIIbIO HaYMHAET



OIIIYILIATh CBOIO IIPUHAUIEKHOCTD K COLIMATLHO
3HAYUMON pedepeHTHOI TPYIINe XKeJIe3HOI0-
POXXHUKOB, OH HACTpaMBaeTCs U CaMOIIPOr-
paMMUPYETCS B 30HE JOMUHUPYIOLLINX 00pa30B,
CHMBOJIBI TTOOY>KIAIOT €T0 Ha pa3BUTHE B 3a1aH-
HOM IUTaHe. bosee Toro, CUMBOJIBI COXPaHSIOT
YCTOMYMBYIO KOMMYHHUKAILIMIO MEXIy 00pa3o-
BaTeIbHBIM OPEHIOM 1 JIMYHOCTHIO 00yJaloIie-
rocs. [TpryeM rmokazaTeIbHbI pe3yJIbTaThl TAKOM

KOMMYHUKAITUU He TOJIbKO Y CTYIEHTOB, YMEIO-
IIAX MBICJIUTh B T'YMaHUTAPHOI IMapaaurme.
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ABSTRACT

The author highlights a topical issue for the
communicative space of an educational brand. Alma
mater symbols play identification, programming and
cognitive role in the involvment of the students. Young
people perceive through these symbols their belonging
to a socially significant group, adapt to a certain self-
programming using visual sense from the proposed
images. It represents further personal development,
future profession. This means that the symbols
can communicate between educational brand and
personality of a student.

ENGLISH SUMMARY

Background. It is not a secret that the significance
of universities ranking increases. And each of them is
trying to present itself as an educational brand — «a set
ofunique functional, emotional, social promises to target
consumers which are unique and important for them,
meet their needs the best way» [1, p.35].

The uniqueness of this educational brand as MIIT,
in the format of identification branding is based on
a combination of two environments: technical and
humanitarian, their interaction and structuring of future
specialists in the context of the entire transport sector.
The fact that this fusion will increase, and this is the right
direction, in particular, confirms the President of JSC
«Russian Railways» Vladimir I. Yakunin. In his opinion the
current situation dictates the need for a new approach to
the competencies and management skills of managers
who «should not be limited only with possession of
engineering knowledge, they must also learn a whole
range of disciplines in the field of economics and social
sciences» [2]. For a transport higher education institution
such a promise becomes a challenge oftime, a measure
of how deeply we understand the context of the inevitable
interaction of technical and humanitarian environments.
Under this point of view, problems of identification
branding gain their own meaning.

Objective. The objective of the author is to
investigate the perception of MIIT educational brand
among MIIT students.

Methods. The author uses descriptive method
and analysis.

Results.

Brand loyalty

Educational brand will successfully instill loyalty
to brands «MIIT», «miitovets» [Russian word based on
acronym for MIIT staffmember or MIIT student — ed.note] if
the basis of their construction would be corporate identity —
a sense of belonging to railways, communication routes,
presence of valuable importance of study in this famous

higher education institution, adaptation projections to
the transport community. Dostoevsky describes in «The
Brothers Karamazov» (a book «of our [Russian] mentality»)
XIX century as the century of «industry and railways» [3,
p.10]. MIIT graduates in the next, the twentieth century
finished construction of Trans-Siberian Railway, and their
projects are also Turkestan-Siberia Railway ( Turksib),
Baikal-Amur Mainline (BAM). They played a huge role
in the industrialization of the country, the victory in World
War I, the country’s reconstruction after war devastation.
And in the XXI century specialists with diplomas of the
oldest university of means of communication continue
to create, to participate in the Russian and international
transport projects.

MIIT museum, which realizes itself in several
aspects, including both branded educational production
site, students learn about the history of the university, the
fate of «miitovtsev», accustom themselves to corporate
responsibility to society and the state. Right there, in the
museum, they are introduced to books of graduates, on
graduates, with the scientific aspect of their activities.

This side is increasingly historical, and another angle
adjoins to, forming loyalty to the university image. During
student life students begin to feel the real existence of
industrial research schools and evaluate the research
directions of their teachers and departments, become
familiar with the understanding of universality of the
theme «railroad», which brings together both technical
and humanitarian spheres, and mostimportantly — more
clearly differentiate «their» and «foreign» symbols.

Perception of symbols by humanities-minded
students

In the educational brand there are usually both
graphic and semantic patterns of main directions of
identification branding. Are the present-day university
symbols consistent with it?

In communicative educational space MIIT brand
exists as a symbolic unity, forming a space-time field
of the subject. According to the survey (200 students
responded, a sample is representative, quota and
random) it is clear how students perceive the structure
of MIIT brand, «body» of which is structured in color
and graphic symbols of the «blue-speed train», and
intention of the soul is expressed in the name and
the verbal message from the time of the last of the
Romanovs: first, Imperial College, then settled — MIIT,
in today’s time and space — State University of Railway
Engineering. The visual component of the image reflects
the deeper meanings of students as the subject of social
communication: «we are all in the same train», «strive
forward», «up to date», «future», «absence of obstacles:
no traffic jams», «comfort, safety, speed, stability, taste
for life», «the road everywhere: to Europe, Asia».
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Anthropological and axiological attributes of the
brand act as a personalized symbolism: sculpture near
the main building of the university —a bronze image ofthe
eternal student sample of the XIX century with epaulets,
onwhich there are axand anchor. With regardto the unity
of humanitarian and technical spheres, maybe it appears
in the type of behavior, which is shown in the sculpture:
with dignity, holding a book in his hand, this young man is
ready to comprehend the knowledge, at its disposal there
is a wide range of associations for programming certain
mentality, feelings and ideas, positive attitude to the
subjectof communication. In the view of respondents this
student «is a fine fellow, they want to model themselves
on him», «looks to the future», «for us he sits in the rain, in
the snow, he wants us to remember history, respectalma
mater», «waits for his train», «is purposeful, focused, likes
to learn», «is steadfast in his legs, his posture, and the
rector of MIIT offered to clean the shoes of this sculpture
during the session», «is ready to leap into a new», «may
be a companion», «gives us a part of himself», «calls upon
to do as well as he, along with him, and even better», «he
respects the passers-by».

Ax and anchor on his epaulettes mean (apart from
the main semantic load of united water and land routes)
in conjunction with a graphic logo «blue train»: «the oldest
higher education institution with a modern spirit».

In a holistic interpretation we obtain the following:
«everyone is waiting for his train», «road to life», «way
to study, to work», «assurance that we will reach the
destination», «all have enough space on the train», «a
proverb «gnaw granite of science» becomes real and
close and appears the understanding that «it is exciting».

As a result, the symbolism of the brand MIIT
adequately positions itself for a humanities-minded
student as a tool for constructing his own identity
«miitovets» in the field of various social practices.

Symbols in the perception of the students-
«techies»

Engineering students may not need to strengthen
corporate identity, as they originally focus on the
transport sector by the choice of profession. Itis possible
that the symbols for them are just an accompanying
legend.

Of 200 respondents in this category (the sample is
representative as for quota and random) 80% visited a
museum containing many unique exhibits: a laboratory
of Proskuryakov, installation of Maksimenko, flags
of the Soviet period, the vessel of Kablukov [famous
MIIT professors of 19" and 20" centuries- ed. note].
They visited museums of physics and geodesy of
corresponding departments. They saw a bust of
Kochenov, and a stele of Volodin, a monument to
Dzerzhinsky [personalities of railway ministry of
respective periods — ed.note]. They saw all of this, but
70% consider these exhibits only as an educational
material and not as a cultural heritage, not as symbols.

Characteristically, all have been in the home church, but
noteveryone remembers a unique icon of St. Nicholas,
where the saint is holding in his left hand a model of the
main building of the university, as if protecting it from
possible adverse effects, giving educational brand
of MIIT a life-saving mission, saturating it with fertile
energy.

The factthat such a symbol is a rare phenomenon for
the university, has not been noted by any person among
the surveyed students of technical specialties.

The mostrecognizable symbolfor the representatives
of technical specialties is the same «eternal student»,
the figure of the imperial college. In this sculpture the
students see their predecessor, with the same problems.
Naturally, there is a transfer of identification, and on
this basis there is trust and, as a consequence, the
loyalty to the educational brand. Characteristically, that
65% of respondents said «the awareness that MIIT is a
known educational brand came to them after entering
the university».

«University logo and bronze student are the most
memorable symbols» — was the conclusion of a fourth
year student Natalia lvanova, who participated in our field
study. Recommendations to strengthen the awareness
of students about university symbols sounded in her
speech at the Student Scientific Conference «Science for
Transport» and itis quite natural. The main areas of work:
«during the course in history to tell the story of historical
formation of the university», «to show a film about the
symbols of the university for prospective students»,
«to make a tradition to show the museum not only to
students, but also to prospective students».

These recommendations were embodied in
expanded form in the report of 4" year students Christina
Shauro, Maria Gracheva «Open Day as PR-project», in
the study of Galina Lysenkova and Yulia Timofeeva «MIIT
Brand in the eyes of prospective students». They gave
data from a survey of students about the mostimportant
criteria when choosing a university. It has been confirmed
that this is a notable brand of the university.

Conclusions. All these studies prove that there is
a need in the modern context to revive the meaning
of the symbols and cultural heritage of MIIT, closely
connect the current educational and socialization
tasks of the university with a professional engineering
training of students and their prospects in the real
working life in the transport sector.

In awareness of the involvement of students in
the educational brand symbols play identification,
programming and cognitive role. Students begin to feel
that they belong to the socially significant reference
group of railway workers. Moreover, these symbols
remain stable communication between educational
brand and a student’s personality. The results of this
communication are indicative not only of the students
who are able to think in humanitarian paradigm.

Keywords: higher school, higher education institution rating, educational brand, competitiveness,
identification branding, corporate identity, social integration, communication.
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CraTtbs packpbiBaeT METO[0JI0rn4YeckKme
noaxoAb! K UCC/Ie4OBaHUIO UICTOPUN
TexHuUku. N3710)keHbl OCHOBHbIE MOHATUS
rpou3BOACTBEHHON U TPAHCMOPTHOMN
TeXHUKU, MaLLUH U MEeXaHU3MOB,

a Taioke nPUHLNINbI U MeToAbl U3YHEeHUs
ncropuyeckux aenaeHuii n pakros. Ocoboe
BHUMaHWe yaeJsieHo nepuoan3aumnv
UCTOPUKO-TEXHUYECKNX MPOLIECCOB,
OnbITY NPUMEHEHNS] XPOHOJIOrNMYEeCKOro
Y XPOHOJIOrN4ecKo-rnpoobsiIeMHOro
npuHunnos. Kpome Toro, paccMoTpeHbi
JIOrNYEeCKN MeToa, UCTOPUYECKUIA
MeToa, MeTog MaTteMaTu3aLnn u MeTos
mogesnmpoBanus. lNpeanoxxeH 06006LLEeHHbIN
MPUHLNIT 3BE€HHOCTU-3aMeLLeHUs AJ1s]
nepuoan3aLumn NPoLeccoB Pa3BUTUs
TexHuku. BBegeHa HoBasi kateropus —
YPOBEHb UHTEJIIeKTYasIbHOCTU
aBTOMaTUYEeCKUX MaLLUNH, Ha3BaH criocob
€ero KoJIn4eCTBeHHOW OL|eHK!.

KrntoyeBble crioBa: MCTOpVIsi, BaroHsl,
JIOKOMOTUBbI, POV3BOACTBEHHAs TEXHUKA,
METOL0/I0rM4eCKme rnoaxoabl, MPVIHLIMM
UCTOPU3MA, MPVIHLINI 3aMEeLLIeHMs],

MPVHLMIM 3BEHHOCTY MaLLIVIH, OO0OLLIEHHbIN
MPUHLININ 3BEHHOCTU-3aMELLIEHUS],
rieproan3aLIms UCTOPWMN TEXHVIKU, MeTO
maremarv3aLmy, YpPoBeHb MHTENIEKTYasIbHOCTU
aBTOMaTUYECKVX MALLIVIH.
|
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KOJIECO UCTOP

MeToponorus
nccsieaoBaHMsS UCTOPUN
TPAHCNOPTHOWU TEXHUKN

boaomun Muxaua Muxaiirosuu — dokmop mexuu-
YecKux Hayk, npogheccop Kagedpui «Baconsvl u 6a-
20HHOe X0351icme0» Mocko6cko2o eocydapcmeennozo
yHugepcumema nymei coobuwerus (MUHUT), Mocksa,
Poccus.

Andpusinoe Cepeeii Cepeeesuy — kanouoam mexHu-
yecKux Hayk, doyeHm Kageopsl «Baeonsl u éaconHoe
xozaiicmeo» MUHUT, Mockea, Poccus.

cclleIoBaHre UICTOPUM TPAHCTIOPTHOM

¥ TIPOU3BOACTBEHHOI TEXHUKU CITO-

coOCTBYeT 0000IIEHUIO UCTOPUKO-
TEXHUYECKOTO MaTepuaa, BbISIBJICHUIO Ipa-
HUII 3HAHUI O MpeaMeTe, YMEHbBIIEHUIO 00-
JIACTY HE3HAHUsI ITyTEM BBEIECHMS B HAYIHBIM
000pPOT HOBBIX ITOHSTUI WJIK METOI0JIOTHYE-
CKHMX TIOJIXOA0B, BOCCO3IaHUIO 1IEJTOCTHOTO
MPEeNCTaBICHUS O Tpolieccax U SIBICHMUSX,
MPOTEKAIOIINX Ha TPAHCIIOPTE.

151 Havasia IPUMEHUTEIBHO K UCTOPUM
MPOM3BOACTBEHHOM TEXHUKHM (BKJTIOYast B TOM
yucjiae JOKOMOTUBBI U BaroHbl) ClenyeT
BCIIOMHUTD MCXOIHBIC TTOHSITHSI.

Texnuka — COBOKYITHOCTb CPEJICTB YeJIO-
BEUYECKOU NEesITeIbHOCTU, CO3MaHHBIX JJIS
OCYILECTBJIEHUsI TIPOLIECCOB IMPOU3BOACTBA
1 00CITy>KMBaHUST HETTPOM3BOACTBEHHBIX T10-
TpebHocTel obiiectna [ 1, c. 497].

K mpou3BoaCTBEHHOM TEXHUKE OTHOCST
WHCTPYMEHTBI, MEXaHU3MbI, MAIIMHBI, aIl-
rnmapathbl ynpaBJieHMUs MallUHAMK U JP.,
a K TPAaHCIIOPTHOM TEXHUKE — TPaHCIIOpP-
THBIE cpencTBa (IMMOJBUKHOM COCTaB: Mapo-
BO3bI, TETJIOBO3bI, 3JIEKTPOBO3bI, BATOHBI),
TeXHUYECKUEe CPEeACTBa MEXaHU3allMU MO-
IPY30YHO-Pa3TPy30YHBIX U CKJIAJACKUX
MPOIIECCOB; CPeACTBAa MeXaHMU3allu1 U aB-



TOMaTU3allMu B MHOPACTPYKType TpaHC-
mopTa [1, c. 497].

Hnempymenm — opyaue 1uist paboTsl (pyd-
HOIl MHCTPYMEHT: MOJIOTOK, JIOM, HOXOBKa,
TacuHBIN KJII0Y, KOJOBOPOT, Apejib; MEXaHU-
3UPOBAHHBIN MHCTPYMEHT: ITHEBMOMOJIOTOK,
MMHEeBMOPYOUJIbHUK (ITHEBMOOTOOMHMUK),
BJIEKTPOIIIIA, 3JIEKTPOraiikoBepT (ITHEBMO-
raifkoBepT), 37eKTpoapenb) [1, c. 184].

Mexanuzm — COBOKYIMHOCTH IOJIBUXKHO
COEMMHEHHBIX TeJl (3BEHbEB, YacTeil), CoBep-
MIAIOIIMX IO AEMCTBUEM MPUIOXKEHHBIX CUT
oIrpene/ieHHBIC 11eJIeCO00pa3Hble IBIKECHUS.
COBOKYITHOCTb IBUTATEILHOTO, IIEPEIaTOYHO-
'O 1 MCTIOTHUTEJIBHOTO MEXaHU3MOB (3BEHbBEB,
JyacTeil: MalllMHbI-IBUTATEIsI, TIEPEeAaTOYHOTO
MeXaHM3Ma WU IpeoOpa3oBaTesis U MallIHbI -
opyausi) oopasyeT MaiuHy [1, c. 287].

Mawuna — MexaHMYECKOE YCTPOICTBO
C COIIaCOBAaHHO PabOTAIONIMMU YaCTSIMU,
OCYILECTBIISIIONIEE ONPeAeICHHbIC IBIKCHUS
o[, yIIpaBJIeHUEM UeI0BeKa JIJIsI IIpeoopa3o-
BaHMUS SHEPTUU, MAaTePUATIOB WIM MH(pOPMa-
muu [1, c. 278].

Aesmomamuueckas mawiuna — MallllHa,
(GYHKIIMOHUPYIOIIAas HENIPEPHIBHO U yIIPaB-
JisieMasi 0 XKEeCTKOMY WJIM TIeperporpaMMM-
pyeMoMy aJTOPUTMY C MCIIOJb30BaHUEM
SHEPIUM HEXKUBOI MPUPOIBI 0€3 HemoCpeI-
CTBEHHOTI'O Y4aCTUsI JIOACH.

Humeanekmyanvrnas aemomamuveckas
MawuHa — MalnHa, (GYHKIMOHUPYIOIIAs
HEMpephIBHO U yIpaBjisgeMasi ¢ IOMOIIbIO
MHTEJUICKTYaIbHBIX TaTYMKOB I10 MEPerpor-
paMMUpPYeMOMY aJITOPUTMY C UCITOTb30BaHU-
€M DHEPIuu HeXXMBOI MPUPOILI 0€3 BCIKOTO
yJgacTus Jaoneil (MHTeJUIeKTyalbHbIe TPO-
MBIIIIEHHBIE POOOTHI, POOOTOTEXHUYECKUE
KOMILJIEKCHI).

JIOTMKA U NPUHLUMANDbI

MeTonbl n3yyeHus ucropuu [4—7] npen-
CTaBJSIOT CO00i CITOCOOBI MCCIIeTOBAHUS
UCTOPMYECKUX U UCTOPUKO-TEXHUYUECKUX
IPOLIECCOB YePe3 UCTOPUYECKIE (PaKTHI C 1ie-
JIBIO ITOJTyYeHUsI HOBBIX 3HaHMi1. K HUM OTHO-
CST: JIOTUYECKUI METOJ, IIPeIyCMaTpUBa0-
LM TPUMEHEeHUE METOIa MUHAYKIIUK — JIBU-
JKEHME MBICJIM OT €AMHUYHOIO K 00IIeMY,
MeTola AeAYKUUU — JABUXEHMHE MBICIU
OT OOIIIETO K YaCTHOMY, METOIOB (DOpMaIbHOI
JIOTUKH, BKJItouyasi ajareopy Joruku (uiau oy-
JIeBY ajre0py); UCTOPUYECKUIA METOI — W3-
YyYEHHUE SIBJICHUIA 1 TIPOLIECCOB B UX XPOHOJIO-

TUYECKOM Pa3BUTUU CO BCEMU HETTIOBTOPYIMBbI-
MU YepTaMU, AeTaaIMU, OCOOCHHOCTSIMU
10 IIPUHITMIIAM 1 ITpaBUjaM pabOTHI C TIePBO-
MCTOYHMKaMU [3]; MeToa mepuoau3aluu;
METOJ MaTeMaTU3alliK; METOI MOJEINPOBa-
HUSL.

OCHOBHBIMM HAayYHBIMM MPUHIUIIAMU
M3YUYEHUST UCTOPUU MPOU3BOACTBEHHON
Y TPAHCIIOPTHOM TEXHUKM,, UCTOPUH I'paxkIaH-
CKOro o01IecTBa ABJIsIoTCs [3—6]:

— NpUHUUN 00BeKMuU8HOCMU — OIIOpa
Ha (DaKThl B UX UCTUHHOM COACP>KaHUHU C yUe-
TOM TTOJIOKUTEJBHBIX U OTPUIIATEIBHBIX CTO-
POH;

— NPUHUURN COUUANBHO20 N00X00a — PACCMO-
TPEHUE UCTOPUM C YIETOM COLMAIBHBIX MH-
TEPECOB BCEX CII0EB HACEICHMUS;

— MPUHYUN UcmMopu3ma — WCCIIeNOBaHUE
ucTopruuYecKux (hakToB, SIBICHUI U COOBITUI
B MX Pa3BUTHU U B3aUMOCBSI3H;

— npuHyun cucmemuocmu (CUCTEMHOTO
MO/IX0/la) — COBOKYIHOCTb METOIOJOruYe-
CKUX IIPUHIIATIOB, PACCMATPUBAIOIINX OOBEKT
KaK CHCTEeMY, COCTOSIIIYIO U3 B3aMMOCBSI3aH-
HBIX 2JIEMEHTOB (BarOHHOE JIETIO KaK ChUcTeMa
ABTOMATMYECKOTO PEeryJIupOBaHUs ITPOU3BO-
nutenbHocTu (bomotun M. M.); BaroHope-
MOHTHBI! KOMIUIEKC KaK CaMOOpraHU3yIoIa-
scst cuctema (Cupuna H. @.); xene3Homo-
POXHBIN TPAHCIIOPT KaK CHCTeMa aBTOMaTH -
3MPOBAHHOTO YIIPABICHUSI TPAHCIIOPTHBIMU
notokamu (Murtirapus A. C.); Tpy30BoOli BATOH
KaK CYIIIeCTBEHHO HEJIMHEeTHAsI CUcTeMa C T1e-
peMeHHoii ctpykTypoii (Puiunmnos B. H.);

— NPUHYUN XPOHOA02UU — W3JTIOXKEHUE CO-
OBITHI B UX BpEMEHHOM MOC/Ie10BaTeIbHOCTH;

— NPUHUUN XPOHON02UHECKO-NPOOAEMHBLIL —
M3JI0XEHNUE COOBITUI MO MeproaaM (3Taram)
C OTpaxkeHUEM UX BHYTPEHHUX ITPOOJIeM;

— NPUHYUN NPOOAEMHO-XPOHON0UYECKUTI —
M3JI0KEHHUE TMOATAITHOTO Pa3BUTHUS KaKoOii-
160 MpoOJIeMbl B UCTOPUU TocyaapcTna [3].

METOA NEPUOOU3ALIUN

OH mpennosaraer JAejJeHHue MPOLeCCOB
pa3BUTHUSI HA OCHOBHBIE KAYECTBEHHO OTJIM-
qaloluecs APYr OT Apyra Nepuoabl (3Talibl)
B COOTBETCTBUU C YCTAHOBJICHHBIM KPUTEPUEM
(mpuHunom) [2, c. 985]. Ilepuonuzamus
(cucTemaTu3aLMsl) UCTOPUIESCKUX U UCTOPH-
KO-TE€XHUYECKHUX IMPOLIECCOB — BaKHEUIINIA
BJIEMEHT METOAO0JOTUU uctopuu [5, c. 80].
[Mepuroau3zanuio pa3BUTHUS I'PaxkIaHCKOTO
00I1IeCTBa Yallle BCETO OCYLIECTBIISIIOT C MC-
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MoJib30BaHueEM (hOPMALIMOHHOTO, IMBUJIA3a-
LIMOHHOTO, XPOHOJIOTUYECKOTO, XPOHOJIOTHU -
YECKO-TIPOOIEMHOTIO 1 ITPOOIEMHO-XPOHOJIO-
TUYECKOTro KputepueB (IpuHIUMNOB). B pado-
Te [4, c. 75] oTMeUaeTcs, YTO «MeXaHUIEeCKU
MEePEHOCUTh HAa UCTOPUIO TEXHUKU KPUTSPUU
MepUOaNU3aLINU I'PpaxkIaHCKOM UCTOPUU HETO-
MTYCTUMO».

[ToaToMy mepuonu3aiyo UCTOPUU MPO-
U3BOJCTBEHHOM M TPAHCIOPTHOM TEXHUKU
OCYILECTBIISIIOT C MCIOJIb30BAHUEM MTPUHIIU -
OB 3aMeIleHHUsI, 3BeHHOCTH, XPOHOJIOTHH,
XPOHOJIOTMYECKO-TIPOOJIEMHOTIO, a /151 KJlac-
cudUKaLIMU TEXHUKU BHYTPU ITEPHUOAO0B ITPH-
MEHSIIOT HEPreTUYSCKUI MTPUHIIUIT, TIPUH-
I GyHKIIMOHAIBHOTO Ha3HAYCHUSI, TIPUH-
LIMIT KOHCTPYKIIMOHHBIX MaTepuaaoB, MPpUH-
LU KOH(PUTYpaluu, MPUHLIUIT (POPMBI 1 JIp.
[3-5,7].

HaubGonbiree pacmpocTpaHeHUe IpuU
HUCTOPUKO-TEXHUYECKOM HMCCJICIOBAaHUU T10-
JIyYWJT TIPUHIIUIT 3aMEIleHUs YeJloBeKa TeX-
HUYECKUMM YCTPONCTBAMU IPY BHINOJHEHUMN
UM (GYHKUUHI, CBI3aHHBIX ¢ (PU3NYECKUM
¥ YMCTBEHHBIM TpynoM. Mcxons u3 atoro
MPUHLINIIA PA3IMYAIOT IISITh IEPUOIOB B UCTO-
pUM TIPOU3BOACTBEHHON TeXHUKMU [4, c. 75]:
MHCTPYMEHTAIBHBIN (BOOPYKEHHUE YeToBeKa
PYYHBIMM OPYIUSMU TPyaa); MEXaHUIECKU
(3ameHa nBUTATeIbHBIX (DYHKIUMI YeaoBeKa
MeXaHU3MaMM); MallMHU3UPOBAHHBIN (3aMe-
Ha YyeJ0BeKa MaIllMHOI); aBTOMaTUYeCKUil
(3amMeHa 4JesloBeKa aBTOMATUYECKOU Malllu-
HOIi); KUOepHEeTUYECKUI (3aMeHa MBICIIU-
TeJIbHBIX (DYHKIIUI1 YeToBeKa KMOepHeTHnYe-
CKMMU YCTPOMCTBAMM).

ITpuMepHO aHATIOTMYHBIE STAIIbl PA3BUTHS
MPOU3BOACTBEHHOM TEXHUKH BBIZCICHBI B pa-
oorte [9, c. 13]: IepBbIi 3Tal — UCIIOIb30BAHKE
NPOCTEUINNX OPYAUN Tpyda; BTOPOM — HUC-
MOJIb30BaHNE MHCTPYMEHTOB U IIPOCTEHIITNX
MEXaHM3MOB; TPETUI — UCIOJIb30BaHNE Ma-
ILIMH; YeTBEPThIA — aBTOMATHU3AIlUsl TIPOU3-
BOJICTBA; ITSITBII — KOMILJIEKCHAsI aBTOMaTH -
3alMs Ipor3BoACTBa. Paznuuune aToit u npe-
IBIAYIIEN IEPUOAN3ALIMNA Pa3BUTUSI TEXHUKU
3aKJII09aeTCsl B TOM, YTO B IMIEPBOM Cliyyae
MPOLECC KACAETCs CaMOU MPOU3BOICTBEHHOMU
TEXHUKU, 2 BO BTOPOM — Pa3BUTHS ITPOM3BO/I-
CTBa.

CrenyeT OTMETUTh, YTO aBTOMAaTHU3aIIUS
MPOM3BOICTBA (ITPU UCITOIH30BaHUH TUTTOBBIX
aBTOMATOB, BKJIIOYasl U TIPOMBIIILJICHHBIC PO-
0OTBI) MPOXOIUT HE JBa, a TPU 3TaIla B CBOEM
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pasButuu [10, c. 126—129]: nepBblii — aBTOMAa-
TU3aLKs paboyero 1MKIIa MallluHbI, CO3IaHKe
YHUBEpPCaJbHBIX, CIICLMATIM3UPOBAHHBIX
U CITeLIMaJIbHBIX IT0JIyaBTOMATOB 1 aBTOMATOB,
crankoB ¢ YITY Ha 0a3e aBTOMaTUUECKUX pe-
I'YJSITOPOB M MUKPOIIPOLIECCOPOB; BTOPOIA —
aBTOMAaTHU3alMs CUCTEMbI MalllMH (Co3aaHue
ABTOMAaTUYECKUX JIMHUI MaCCOBOIO ITPOM3BOI -
CTBa 1 TMOKMX aBTOMAaTU3UPOBAHHBIX IMHUI);
TPETUIi — KOMIUIEKCHAsI aBTOMATU3a1IusI IIPO-
MU3BONCTBA (IPUMEHEHME TMOKIX aBTOMATU3M -
POBAHHBIX YYAaCTKOB, 1IEXOB U IIPEAITPUITHIA).

Knaccudpukanusg-nepuoausaius IIpon3-
BOJICTBEHHOM TeXHUKHU (IIPOU3BOACTBEHHBIX
MalllKMH) ¢ UCTI0JIb30BaHMEM ITPUHIIMIIA 3BEH-
HocTtu npuBeneHa B [11, ¢. 8—15]. Kpurepnii
MIPUHLIMIIA 3BEHHOCTU IpEaIojaraeT 4rto
MalllMHa IPeICTaBIsieT CO00I COBOKYITHOCTD
TpeX 3BEHbEB — MAILIMHbI-IBUTaTEJIs, Iepeia-
TOYHOTO MeXaHu3Ma, MalluHbI-opyaus [1,
c. 287].

WUcxonsa n3 npuHuuna 3BeHHoCcTH [11,
c. 8—15], paznuyalorcs clieayroiue epruoabl
pa3BUTUS IIPOM3BOACTBEHHOM TEXHUKM: PyY-
Hbl€ MHCTPYMEHTHI (OpYausl TPyaa), UCIIOJIb-
3YIOIIME SHEPIUIO XKUBOM IIPUPOJIbI, — MAILIM-
HBI HyJIeBOi 3BeHHOCTH (Z=0); py4HbIc UH-
CTPYMEHTBI, CHAOXEHHbIE MEXaHUYECKUM
YCUJIUTEJIEM, — MAllIMHbI ¢ IMHUYHOM 3BEHHO-
ctu (Z=1); MexaHU3MPOBaHHbBIE THCTPYMEH-
ThbI, MCIIOJIb3YIOIIME DHEPTUIO HEXUBOM
MPUPOIBI, — IBYX3BEHHBIC MAIIMHBI (Z=2);
MAalllMHBI, yIIpaBisgeMbie YEJIOBEKOM, —
Tpex3BeHHbIe (Z=3); MallIMHbI-TI0TyaBTOMa-
ThI C YaCTUYHBIM YJacTHeM 4yesoBeka (Z=3,5);
MalllMHbI-aBTOMAThI C KECTKUM aBTOMAaTHYE-
CKMM IIUKJIOM padoThl (Z=4); MalllMHbI-aB-
TOMATHI C THOKMM (TIeperporpaMMUPYEeMbIM )
LIMKJIOM (Z=4,5); MalllMHbI-aBTOMAThI THOKMX
aBTOMATU3UPOBAHHBIX TUHUM (Z=4,75); ma-
LIMHbI-aBTOMAThI TMOKKMX aBTOMATU3UPOBaH-
HBIX Y4aCTKOB (Z=5).

MamuHbl, UMeOIIMe 3BeHHOCTh Z<3,
CYMTAIOTCS MALIMHAMM HU3KOT'O TEXHUYECKO-
0 YPOBHSI, a MAIMHBI CO 3BEHHOCTBIO
3<Z<=5 — BBICOKOI'0 TEXHUYECKOI'O YPOBHSI.

[IpyHLIKI 3BeHHOCTH IO3BOJISIET HE TOJIb-
KO OCYILLIECTBIISTh IIEPUOAN3ALINIO IIPOU3BOI -
CTBEHHOM TEXHUKM, HO U TEXHUKU TPAHCIIOP-
ta (BaroHos) [10, 11, 13]. Tak, B [12] mpuHLIMIT
3BEHHOCTH BIIEPBbIE UCIIOJIb30BaH B KAY€CTBE
KpUTEepHs Iepruoan3ainu (Kiaccuukaimm)
y3JIOB IPY30BBIX BaroHoB, a B pabdore [13] —
IacCakMPCKUX BarOHOB.



[TpuMeHUB TPUHIINI 3aMEIeHUS K TIPH-
BeIECHHOI paHee KiaccubUKALUKU MallMH
10 TIPUHIIUITY 3B€HHOCTU, MOXKHO TTOJIYYUTh
YKPYITHEHHYIO UX TIEPUOIN3ALINIO, BKITIOYAIO-
LIYIO TISITh 3TAlOB Pa3BUTHUS: MAIIMHbBI-UH-
CTPYMEHTHI; MAIlIMHBI-MEXaHU3MbI; MAIIIHbI,
yIpaBJsieMble YeJIOBEKOM; MalllMHbI-aBTOMa-
TBI C KECTKMM aBTOMATHMYECKUM IIUKIOM;
MaIlIMHbI-aBTOMAThl ¢ THOKUM aBTOMaTUYe-
CKUM HukigoM. Takaas mepuoau3anus
B OCHOBHOM CXOAHUTCSI C TepUOAU3ALIUCH
B pabore [4].

Hcxonst U3 mpuBeneHHBIX PE3yIbTaTOB,
MOXHO TIPEIOKUTh OOBEAUHUTD ITPUHITUTT
3BEHHOCTH U MPUHIIMI 3aMeIIeHUs] B OOUH
0000ueHHbLI (YHUBEPCANbHBLIL) Kpumepuil —
NpUHYUN 36eHHOCMU-3aMeuieHUs. B 3ToM ciy-
yae KaTeropusi «3BEHHOCTb» XapaKTepU3yeT
KOHCTPYKTHBHOE COBEPIIEHCTBO TEXHUKMH,
a KaTeropusi «3aMelleHue» — BBITTOJTHSIEMYIO
TeXHUYECKUM YCTPOMCTBOM (hYHKIIMIO 10 3a-
MEIIEHHUIO YeJIOBeKa Ha Pa3IMIHBIX 3Tarax
pa3BUTHUSI.

[IpeamnonoxuTenbHO MPUHILIMIT 3BEHHO-
CTU-3aMeIleHUs MaIlIMH MOXHO TTPUMEHUTH
U JUTSL TIEpUOAM3ALIMU KMOEPHETUUECKMX Ma-
IIIMH, 3aMeIIAIONINX YCTBEHHYIO ASITEIbHOCTh
yesoBeka [4, ¢. 75]. KubepHeTnueckue 10rud-
HO OTHECTH K MalllUHaM HOBOI'O KauecTBa —
UHTEJICKTYaJIbHBIM POOOTU3MPOBAHHBIM,
YPOBEHb KOTOPBIX BBIIIE MAIIMH TUOKUX aB-
TOMAaTU3UPOBAHHBIX YUYACTKOB.

MO0XHO TOMYCTUTb, YTO MHTEJUICKTyaTbHbIE
aBTOMAaTHYECKUE MaIIMHBI 110 CPAaBHEHUIO
C MalllMHaM#U TMOKMX aBTOMAaTU3UPOBAHHBIX
YYaCTKOB JOIOJTHUTEIHHO CHAOXKEHBI Cymep-
3BEHbSIMU HOBOT'O Ka4eCTBa, CAMOCTOSITEIbHO
U3MEHSIOIINMU aJITOPUTMBI CBOETO ACHCTBUS
B 3aBUCMMOCTH OT COCTOSIHUSI BHEIITHE ! CpEIbI.
Hamnpumep, MHTEIEKTYaTbHYIO0 pOOOTU3NPO-
BaHHYIO MallIMHY CO 3BEHHOCTBIO Z=5,5 MOX-
HO CUMTaTh MpUHAIIEXKAIIEeH TIepBOMY MTOKO-
JIEHUIO, CO 3BEHHOCTbI0 Z=6 — MHTEJUICKTY-
QJIbHOU MAIlIMHOM BTOPOTO MOKOJIEHUS, CO
3BEHHOCTBIO Z=6,5 — TPEThETO IMOKOJICHHUSI, CO
3BEHHOCTbIO Z=7 — MallMHOW YETBEPTOTO
mokoyieHus. IlpuyeM Bce OHU OTIMYAIOTCS
OIpPeNeJICHHOM CTENIEHBIO 3aMEHbI YMCTBEHHOM
JIeATeIbHOCTH YeJIOBEeKa.

[TpuHITUIT 3BeHHOCTU -3aMEIIIeHHSI TT03BO-
JISIET TEM CaMbIM PaCIIMPUTh TPAHUIIBI U3ME-
HEHUs 3BeHHOCTU MAIllMH U 88ecmi HO8blil
Kpumepuii ux cogepuleHcmea — ypo8eHs UHmen-
NeKMYaANbHOCMU A8MOMAMUHECKUX MAULUH.

Ilo anamoruu ¢ opmyinoit (1.6) B [11, c. 20]
3TOT YPOBEHb MOKHO KOJMYECTBEHHO OIIpE-
JICJIUTh U3 COOTHOLLIEHMS
n
%qI/IMi Zi
K =100 %——
UM n
7 v

max 57
1

rae 7 — o0lee YMCII0 pacCMaTPUBaeMbIX MEXa-

bl

HU3MOB (YCTPOICTB) MHTEJUIEKTYaJIbHOI aBTO-
MAaTUYE€CKOU MAIIVHEIL;

qHMl. —YHCJIO ABVWKEHUI, OCYIIEeCTBIIsSIC-

MBIX i-M MEXaHU3MOM MalllMHbI B IIUKIIE €€
paboThI IO/ YIIPABIEHUEM UHTELIEKTYalbHO-
'O YCTPOWMCTBA CO 3BEHHOCTbIO Z PE

A HI\;X — MaKCHMMaJibHasd 3BEHHOCTb UHTCJI-

zmM _7
J'[eKTyaJ'ILHbIXMa]_LII/IH( max =/ ajdpaccMa-

TPUBaEMOW CUTYALIVK);
q; - o0l11Iee YMCIIO IBUKEHUI, OCYIIECTB-

JISIEMBIX [-M MEXAaHU3MOM WHTEJUIEKTYaTbHOM
ABTOMATUYECKOM MallIMHBI.

[Nepronu3amnuio UCTOPUU TEXHUIECKHUX
HayK, MPOMU3BOACTBEHHON M TPAHCHOPTHOU
TEXHUKH C UCITOJIb30BAHUEM B KAU€CTBE KPU-
TEPUEB XPOHOJOTMYECKOTO U XPOHOJIOTUYE-
CKO-TIPOOJEMHOTO MPUHLIMIIOB OCYILIECTBIISI-
10T B T€X CJIyyasix, KOr/a BaXKHO MOIYEPKHYTh
MOCJIeN0BATENbHOCTb Pa3BUTUSI UCTOPUKO-
TEXHUYECKUX MPOLIECCOB WJIU MOITAITHOTO
CTAHOBJICHUS KaKO-IM00 TeXHUYECKOI Ha-
YKH.

B pab6orte [15] miig 3amaHHOrO 3Tana pa3Bu-
THSI TPAXKIAHCKOTO 00IIIeCTBA — pabOBIAICIb-
YECKOM MBWIN3AUY TTOAPOOHO UCCICIYIOTCS
C UCIIOJIb30BAHUEM XPOHOJIOTMYECKO-TIPO-
0JIeMHOTO MPUHIIMIA BOMPOCHl CTAHOBJIECHUS
TEXHUYECKUX CPEJCTB Pa3IMYHbIX BUJOB TPAH-
criopta. I1py 3TOM Ha KaXkmom 3Tare Mx pas-
BUTHS aBTOP BCKPbIBAET BO3ZHUKILIKE MPOOJIe-
Mbl U MHTEPIIPETUPYET TEXHOJIOTUU UX pa3pe-
LLIEHUS, JOCTUKEHUST HAYKU, TEXHUKU U SHEP-
TeTUKH, OOBSICHSIET NMPU3HAKU Mepexoaa
OT OIHOTO TleproAa K Ipyromy.

[MpumeHeHME XPOHOJIOTMUECKOTO IIPUHIIN -
na ij1s IepUoan3alMy Pa3BUTUSI TEXHUYECKUX
CPEACTB U TEXHOJIOTMIA MOPCKOIO TPAHCIIOpTa
HedTH 1 HePTENMPOIYKTOB TEMOHCTPUPYETCS
B pabore [16]. 31ech Ha OCHOBE MCCIIEAOBAHUS
UCTOPUKO-TEXHUUYECKUX ITPOLIECCOB OTPAKEHbI
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OCHOBHBbIE COOBITHSI B 00J1aCTH MOPCKOI'O TPaH-
criopta He(TU U He(PTEIPOAYKTOB, TIPEICTAB-
JIEHHBbIE B (hOpME XPOHOJIOTMYECKOM TaOIUIIBI
[16, c.9].

IIpodeccop JI. A. anyp [17] npumeHUI
XPOHOJOTUYECKUI MPUHLIMIT IJISI IEPUOI-
3alIMU CTAHOBJICHUSI U Pa3BUTUS OTCUECTBEH -
HOI1 Hayku o BaroHax (1835—1994 rr.) B 06-
JIACTU: IPOJOJbHOU IMHAMUKHA, B3aUMOIECH -
CTBUSI BaroHa M XKeJIE3HOIOPOXKHOTO IIyTH,
KoJiebaHU1 BATOHOB, IPOYHOCTH, HAIEXKHO-
CTHU, COBEPIICHCTBOBAHUS KOHCTPYKIIMIA
U TEIJIOPHEPreTUKM BaroHOB, CBApHBIX
KOHCTPYKIIM BATOHOB, aBTOTOPMO30B, TeX-
HOJIOTMM M OpTaHU3allMU MPOU3BOICTBA
Ha BarOHOPEMOHTHBIX U BaTOHOCTPOUTEb-
HBIX TIPEATIPUSATUSX.

B pa6ote [18, c¢. 10—24] oTpaxeH ONBIT
GopMUPOBAHUS XPOHOJIOTUM 3aPOXKICHUS
¥ pa3BUTUSI BaroHHOTO Tapka Poccuu B me-
puon ¢ 1846 o 1933 roa, Havyaia 9KCILIyaTa-
LIMY TIEPBBIX TPY30BBIX U MACCAXKUPCKUX Ba-
TOHOB OT€YECTBEHHOM MTOCTPONKMU.

MATEMATU3ALNUA NPOLLECCOB

[IpuHATO cYMTATh, YTO MaTeMaTU3aLUs
HMCTOPUYECKUX MCCIeI0BAaHUI OepeT OTCYET
«c 1960 rona, korma B Poccru ripu oTaeIeHUN
ncropun PAH, Bo ®panumu, CIIIA, ABctpun
ObLIM OpPraHU30BaHbl COOTBETCTBYIOIINE Ha-
YYHBIC LIEHTPBI» [19].

Oc00EeHHOCTh COBPEMEHHOTI'O 3Talla MaTe-
MaTU3alUM UCTOPUYECKUX U UCTOPUKO-TEX-
HUYECKHUX MPOLIECCOB 3aKII0YaeTCs B IIMPO-
KOM IIpUMEHEHUU Pa3HOOOpPa3HBIX MaTeMa-
TUYECKUX METO/IOB:

— BBIYMCJICHUI U 3JIEMEHTOB TEOPUU Be-
positHocTeit [20, c. 347—412, 191-279]; ane-
MEHTOB MaTeMaTU4eCcKOoi CTaTUCTUKU [21];
CTAaTUCTUYECKUX METOMOB, IMO3BOJISIOIINX
yCTaHABJIMBATh YPaBHEHUSI CBSI3M MEXKLY CJTy-
YailHBIMU TIEPEMEHHBIMU U OIIPEIEIISITh BEPO-
SITHOCTH TIOSIBJICHMSI COOBITUI, Pa3IMYHBIX
METOIOB MpOrHo3upoBaHus [22, c. 9—-20;
54—61];

— MeTOI0B (DOPMaIbHOM JIOTMKU (JIOrYe-
CKH€ OCHOBBI BOIIPOCHO-OTBETHOI'O MBIIILIE-
HUSI, TEOPUSI apIyMEHTAIIMM, OCHOBBI JIOTUKH
JoKa3bIBaHUS U Ap.) [23]; anreOpnl JIOTUKHU
(BbIcKa3bIBaHMit) [12];

— METOJIOB 3KCIIEPTHHIX OIICHOK, ITPEICTaB-
JISTIOILIMX COOO0I KOJIMYECTBEHHBIE U TTOPSIIKO-
BbI€ OLICHKH ITPOLIECCOB U SIBJICHUIA, OCHOBaH-
HBIX Ha CY>KIEHUSIX CIeIMaIucToB [22, ¢. 99—
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112], a TakKe OLIEHKH TOCTOBEPHOCTH DKCIIEP-
THBIX PEIICHUN M0 YaCTOTHOMY KPUTEPUIO
1 KoahuimeHTy Bapuanuu [24, ¢ 9—10];

— MeTroaa (opMOTOTMYECKOTO aHaIu3a,
3aKJII0YAIOIIETOCs B BBIIEJICHUM 3JIEMEHTOB
10 MpUHIIUNaM (yHKIMOHATbHOM 3HAYMMO-
CTU UM POJIY, HAXOXIECHUU pellIeHUsI TTpodJie-
MBI, KOTOPOE YCTpaHseT CYyIIeCTBYIOIIee
MPETSITCTBUE K pa3BUTHIO [25];

— METOI0B CTPYKTYpPHOTO aHaI13a IIPOU3-
BOJICTBEHHOM ¥ TPAHCIIOPTHOM TeXHUKM [12],
KJIaCTEpPHOIO aHaju3a 1 1p.

PazymeeTcst, mpuMeHeHMEe CTOIb CIIOKHO-
ro0 MHCTPYMEHTapusl TpeOyeT He TOJIbKO BbI-
COKOM CIleLIMaJIbHOM MOATOTOBKY, HO U aJIEK-
BaTHBIX 001IeGMIOCOPCKNX 3HAHUI, METO-
JIOJIOTUYECKON TPAMOTHOCTH.

BAbl MOOEJIMPOBAHUA

Modeauposanue — uccienoBaHUe KaKUX-
00 SIBJEHUI, UCTOPUKO-TEXHUYECKUX
MPOLIECCOB WM CUCTEM IIyTeM IOCTPOCHMUS
M U3YYEHUs UX MOJejeli, 0ToOpaXkaloImx
OIlpe/ieJICHHbIE CTOPOHBI UCTOPUM TEXHUKU
[2, c. 816; 5, c. 81]. Moxenn UCTOPUKO-TEX~
HUYECKMX MPOLIECCOB MpeIoaaraoT Tpu
BMJIA:

* MOJIEJIM ITPOBEICHUST UCTOPUKO-TEXHHU-
YECKOTO aHaJIn3a;

* MOJIEJIM MPOTHO3UPOBAHNSI;

* MOJIEJIM OIlepalltii.

B pa6orte [5, c. 78—79] npemioxeHa MHO-
TOYPOBHEBasi MepapxudecKasi MOILIIb IIPOBe-
JICHUSI KICTOPUKO-TEXHUYECKUX UCCIIEIOBAHMIA,
Oepylilasi B pacueT TPM B3aMMOCBSI3aHHBIX
aTana:; (pakTosoruyeckuii (coompareabHblit),
MHTEPIPETalMOHHbINA (aHAJIMTUYCCKUIL), 3a-
KOHOTBOpYeCKUit (TeopeTnueckuii). [padpuye-
CKU OHa IpeJCTaBcHa B BUIE PACKPYYMBaIO-
LIEICST CIIMPAIN Pa3BUTHSI TEXHUKH, BKJIIOYA-
IOLLIEH YeThIPE MTOJIHBIX BUTKA, COOTBETCTBYIO-
LIMX [IePUOJaM Pa3BUTHSI IIPOM3BOACTBEHHOM
TeXHUKU: MHCTPYMEHTAJIbHBINM, MEXaHUYEe-
CKUii, MallIMHM3AIMY 1 aBToMaTtu3aiuu. Ku-
OepHETUYECKUI IIEPUOI IPEICTABICH HEIOI-
HBIM BUTKOM [4].

HanGonee pacrnpocTpaHeHHBIM BUIOM
MOJICJIMPOBAHUSI MAIlIMH U POLIECCOB SIBJISI-
€TCSI MAaTeMaTUYECKOe KOMITbIOTEPHOE MOJIE-
JINPOBAHUE C UCITOIb30BAHUEM IIPOTHOCTHYC-
CKHUX MOJIeJICi1, TTO3BOJISIOIINX HAXOAUTh Ha-
WiIydlliee ONMCaHUe TPeHIa U OMpPEenesiTh
IPOTHO3HbIE 3HAYEHUST UCCIIEAyeMbIX Iapa-
MetpoB [11, ¢. 9-20; 23, 95-97].



BbIBO4bI

COBOKYITHOCTbD TIPEIJIOKCHHBIX TTOHSITHI
MPOU3BOJACTBEHHBIX M TPAHCIOPTHBIX MAILIVH,
MPUHLUIIOB U METOJIOB UCCJIEA0OBAHUS UCTO-
PUKO-TEXHUYECKUX TTPOLIECCOB UX PA3BUTHUS,
METOJOB UX ITEPUOAN3ALIMU, MATEMATU3ALIU
W MOJICIMPOBAHUS, UCITOJIb30BAHUE HA3BaH-
HBIX TEOPETUYECKUX MOJTOKEHUI TTO3BOJIIN
c(opMUPOBaTh COOTBETCTBYIOLIYIO METOI0-
JIOTHIO.

HaubGosblliee BHUMaHUE yaAeIeHO METO-
naM M NpUHIMIIAM Nepuoau3aluu, Mmo-
CKOJbKY OHMU SBJSIOTCS BaXHeUIIUMU
3JIEMEHTAMU METOJI0JIOTUA UCTOPUKO-TEX-
HUYECKUX MCCIIeTOBAHUN, OCHOBHBIMHU
9JIeMEHTaMM UX HaydyHolt HoBU3HHI. [Ipen-
JIOXXEH HOBBbI 0000IIEHHbIN IPUHIIAI T1€-
pyoAM3allMu UCTOPUU MPOU3BOJCTBEHHON
U TPAHCIOPTHON TEXHUKU — MPUHLIUI
3BEHHOCTU-3aMEIIEHNUA, MOKA3aHbl €T0
CBSI3b C IPUHIIMIIOM 3aMEIIEeHUS U BO3MOX-
HOCTHU IJII aHaAJIM3a WHTEJJIEKTYaJlbHBIX
MalllMH. BBeneHa HoBasl OlleHOYHasl KaTero-
pyYsl — YPOBEHb MHTEJUIEKTYaJIbHOCTUA aBTO-
MaTU4YeCKOW MalllMHbI, OTpeaesieH CIocob
€T0 KOJIMYECTBEHHON OIIEHKMU.

TToguepkHyTO 3HaUYE€HKWE MPUHLIMIIA XPO-
HOJIOTWH JIJTS IEPUOIU3ALIMUA UICTOPUU PA3BU -
TUSI MAllIMH, CUCTEM aBTOMATUKU U COIYTCT-
BYIOILIEI UM T€OpUM. BbIiesieH OIbIT pUMe-
HEHUS MPUHLIMIIA 3aMeIleHUs U MpUHIIMIa
XPOHOJOTMYECKO-TIPOOJIEMHOIO TIPU TTePUO-
IV3aluu UCTOPUU TPAHCIOPTA U IAPYron
TeXHUKU.
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ABSTRACT

The article reveals methodological approaches
to the study of history of production and cars
machinery. The basic concepts of production and
transport machinery, machines and tools, as well as
the principles and methods of the study of history
are described. Particular attention is paid to the
periodization of historical and technical processes
and experiences in applying chronological and
chronological-problematic principles. In addition, the
authors consider logical method, historical method,
mathematization and modeling method. A generalized
principle of links-substitution for periodization of
technology development processes is offered. A new
category is introduced - the level of intelligence of
automatic machines, the method of its quantitative
assessment is mentioned.

ENGLISH SUMMARY

Background. Study of the history of transport
and production machinery promotes generalization
of historical and technical material, determination of
limits of knowledge about the subject, reduction of
the area of ignorance by introducing into scientific
use new concepts or methodological approaches,
reconstruction of a holistic understanding of the
processes and phenomena that occur in transport
field.

To begin with reference to the history of
production machinery (including locomotives and
cars) it is necessary to remember the original
concept.

Machinery is set of means of human activity
created for the processes of production and service
of non-production needs of society [1, p. 497].

Manufacturing machinery includes tools,
mechanisms, machines, machine control devices,
etc.., And transport machinery includes vehicles
(rolling stock: locomotives, diesel locomotives,
electric locomotives, cars), technical means of
mechanization of cargo handling and storage
processes; mechanization and automation in
transport infrastructure [1, p. 497].

Tool is an instrument for work (hand tools:
hammer, crowbar, hacksaw, wrench, brace, drill,
power tools: pneumatic hammer, pneumatic circuit
breaker, electric saw, electric wrench, electrical
drill) [1, p. 184].

Mechanism is a set of flexibly jointed bodies
(links, parts), which under the influence of applied
forces make some desirable movements. The totality
of power, transmission, and actuating mechanisms
(links, parts: of machine- engine, gear or converter
and power tool) forms a machine [1, p. 287].

Machine is a mechanical device with consistently
working parts, performing certain movements under
the control of a man for conversion of energy,
material or information [1, p. 278].

Automatic machine is a machine that
operates continuously and controlled by hard or
reprogrammable algorithm using the energy of
inanimate nature without direct participation of
people.
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Intelligent automatic machine is a machine
that operates continuously and controlled by
intelligent sensors on reprogrammable algorithm
using the energy of inanimate nature, without any
involvement of people (intelligent industrial robots,
robotic systems).

Objective. The objective of the authors is
to investigate methodological approaches to
studying history of production and transport
machinery development.

Methods. Methods of studying the history
[4-7] are research methods of historical and
historical-technical processes through historical
facts in order to obtain new knowledge. They
include: a logical method, providing for application
of the method of induction — movement of thought
from the individual to the general, the method of
deduction - the movement of thought from the
general to the particular, the methods of formal
logic, including algebra of logic (propositional
formulas or Boolean algebra); historical method —
the study of phenomena and processes in their
chronological development with all unique
features, parts, especially on the principles and
rules of work with primary sources [3]; method of
periodization; mathematization method; modeling
method.

Basic scientific principles of studying the
history of manufacturing and transport equipment,
the history of civil society are [3-6]:

— The principle of objectivity — the reliance
on facts in their true content with positive and
negative aspects;

— The principle of social approach -
considering the history with account of social
interests of all segments of the population;

— The principle of historicism — the study of
historical facts, phenomena and events in their
development and relationships;

— The principle of systemacity (systems
approach) — a set of methodological principles,
considering an object as a system composed
of interconnected elements (car shed as an
automatic control system of performance (Bolotin,
M.M.), car-repair complex as a self-organizing
system (Sirina, N.F.); rail transport as a system of
automated traffic management (Misharin, A.S.);
freight car as an essentially non-linear system with
variable structure (Filippov, V.N.);

— The principle of chronology — description of
events in their time sequence;

— The chronological-problem principle -
description of events in periods (stages) with
reflection of their internal problems;

— The problem-chronological principle -
description of the phased development of a
problem in the history of the state [3].

Results.

The method of periodization

It divides the development processes into
main qualitatively different from each other
periods (stages) in accordance with established
criteria (principle) [2, p. 985]. Periodization
(systematization) of historical and historical-



technical processes is an essential element of the
methodology of history [5, p. 80]. Periodization
of the development of civil society is most
often carried out using formative, civilization,
chronological, chronological-problem and
problem-chronological criteria (principles). In [4,
p. 75] itis noted that «it is unacceptable to transfer
mechanically the criteria of periodization of civil
history to the history of technology».

Therefore periodization of the history of
production and transport machinery is carried
out using the principles of substitution, links,
chronology, chronological-problem, and for the
classification of machinery within periods energy
principle, principle of functional purpose, principle
of structural materials, configuration principle,
principle of form and others are used. [35, 7].

The most popular in the historical and technical
study is the principle of substitution of a man
with technical devices in the performance of
functions related to physical and mental labor.
Based on this principle five periods in the history
of production machinery are distinguished [4, p.
75]: instrumental (people start using hand tools);
mechanical (replacement of motion functions of a
man with mechanisms); mechanized (replacement
of a man with a machine); automatic (replacement
of a man with an automatic machine); cybernetic
(replacement of human mental functions with
cybernetic devices).

Roughly similar stages of manufacturing
machinery are highlighted in [9, p. 13]: the first
stage - the use of simple tools; the second - the use
of tools and the simplest mechanisms; the third —
the use of machines; the fourth — automation of
production; the fifth — comprehensive automation
of production. The difference of this and the
previous periodization of technology development
is that in the former case, the process concerns the
production machinery itself, and in the second —
the development of production.

It should be noted that automation of
production (using standard machines, including
industrial robots) passes not two, but three
stages in its development [10, p. 126-129]:
the first — automation of a working cycle of a
machine, creating a universal, specialized and
special semiautomatic and automatic machines
with CNC on the basis of automatic controllers
and microprocessors; second — automation of
systems of machines (automatic creation of
lines of mass production and flexible automated
lines); the third — comprehensive automation of
production (use of flexible automated sites, shops
and businesses).

Classification-periodization of production
machinery (production machines) using the
principle of links is givenin [11, p. 8—15]. Criterion
of the principle of links implies that the machine is
a set of three links — car-engine, gear, machine-
tool [1, p. 287].

Based on the principle of links [11, p. 8-15],
we define the following periods of production
machinery development: hand tools (hand
tools), using the energy of wildlife — machines
of zero links (Z = 0); hand tools, equipped with a
mechanical amplifier — machines of unit links (Z =
1); power tools, using the energy of inanimate
nature, — two-link machines (Z = 2); machines
driven by a man - three-link (Z = 3); semiautomatic
machines with partial human involvement (Z = 3,5);

automatic machines with rigid automatic cycle of
operation (Z=4); automatic machines with flexible
(reprogrammable) cycle (Z = 4,5); automatic
machines of flexible automated lines (Z = 4,75);
automatic machines of flexible automated sections
(Z=5).

Machines having links Z <3 are considered as
machines of a low technical level, and machines
with links 3 <Z <=5 — of a high technical level.

The principle of links allows not only to make
a periodization of production machinery, but
also transport machinery (cars) [10, 11, 13]. For
example, in [12] principle of links is first used
as a criterion of periodization (classification) of
junctions of freight cars, and in [13] — of passenger
cars.

Applying the principle of substitution to the
earlier given classification of machines based
on the principle of links, it is possible to get
their enlarged periodization, which includes five
stages of development: machine-tools; machine-
mechanisms; machines managed by a man;
automatic machines with rigid automatic cycle;
automatic machines with flexible automatic cycle.
This periodization is basically consistent with
periodization in [4].

Based on the above results, we propose to
combine the principle of links and the substitution
principle in one generalized (universal) criterion —
the principle of links-substitution. In this case,
the category of «links’ characterizes constructive
engineering excellence, and the category of
«substitution» — a function performed by a
technical device to replace a person at different
stages of development.

Presumably the principle of links-substitution
of machines can be applied to the periodization of
cybernetic machines replacing mental activity of
a person [4, p. 75]. Cybernetic machines should
logically be attributed to the machines of a new
quality — intelligent robotic, the level of which
is higher than the level of machines of flexible
automated sites.

It can be assumed that the intelligent automatic
machine in comparison with the machines of
flexible automated sections are additionally
equipped with superlinks of a new quality,
independently changing algorithms of the action
depending on the state of the environment. For
example, a intelligent robotic machine with links Z
= 5,5 can be considered as an intelligent machine
of the first generation, a machine with links Z=6 as
an intellectual machine of the second generation,
a machine with links Z = 6,5 — a machine of the
third generation, a machine with links Z =7 — a
machine of the fourth generation. And they all
differin a certain degree of replacement of human
mental activity.

The principle of links-substitution allows
thereby expanding the limits of variation of links of
machines and introducing a new criterion of their
perfection — the level of intelligence of automatic
machines. By analogy with the formula(1.6)in [11,
p. 20], this level can be quantitatively determined
from the relationship

n

%aniZi

K =100 %——
UM n

UM
Zmax % qi

s
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where n— thetotalnumber of considered mechanisms

(devices) of the intellectual automatic machine;

qHM iT number of movements carried out by

the i-th mechanism of the machine in the cycle of its
operation under the control of the smart device with
links Zi ;
V4 mg‘ maximum links of intelligent machines (
ZI/IM
max
4= total number of movements, carried out by

=7 for this situation);

the i-th mechanism of the intelligent automatic
machine.

Periodization of the history of technical sciences,
production and transport machinery, using as
criteria chronological and chronological-problematic
principles is carried out in those cases where it is
important to emphasize the sequence of historical
and technical processes or phased formation of a
technical science.

In [15], for a given stage of development of civil
society — the slave civilization the issues of formation
of technical means of different types of transport are
examined in detail using a chronological-problem
principle. At each stage of their development the
author reveals problems and interprets techniques
of their solution, advances in science, technology
and energy, explains the signs of transition from one
period to another.

Application of chronological principle for
periodization of development of technical means
and technologies of maritime transport of oil and oil
products is demonstratedin [16]. Here, based on the
study of historical and technical processes the main
event in the field of maritime transport of oil and oil
products are highlighted and presented in the form
of a chronological table [16, p. 9].

Professor L. A. Shadur [17] applied a
chronological principle for periodization of formation
and development of domestic science of cars(1835-
1994 years) in the field of: longitudinal dynamics,
interaction of a car and a railway track, oscillation
of cars, strength, reliability, improving the design
of cars and thermal engineering of cars, welded
structures of cars, automatic brakes, technology
and organization of production at car -repair and
car-building enterprises.

The work [18, p. 10-24] reflects the experience
in forming the chronology of origin and development
of rolling stock in Russia from 1846 to 1933, the
beginning of the operation of the first freight and
passenger cars of domestic production.

Mathematization of processes

It is considered that the mathematization of
historical research takes the count «since 1960, when
in Russia within the Department of History of Academy
of Sciences, in France, the USA, Austria relevant
research centers were organized» [19].

A distinctive feature of the present stage of
the mathematization of historical and historical-
technical processes is the extensive use of a variety
of mathematical methods:

— Computing and elements of probability
theory [20, p. 347-412, 191-279]; elements of
mathematical statistics [21]; statistical methods
to establish the equation of connection between
random variables and determine the probability of
occurrence of events, different prediction methods
[22, p. 9-20; 54-61];
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— Methods of formal logic (logical foundations of
question-answer thinking, argumentation theory, the
foundations of logic and evidence, etc.). [23]; Boolean
algebra [12];

— Methods of expert evaluation, which are
quantitative and ordinal estimates of processes and
phenomena, based on the judgments of experts [22,
p. 99-112], as well as evaluating the reliability of expert
decisions on the frequency criterion and the coefficient
of variation [24, 9-10];

— Method of formative analysis, which involves
the separation of the elements on the principles of
functional significance and role, finding a solution to
the problem, which removes existing barriers to the
development [25];

— Methods of structural analysis of the production
and transport machinery [12], cluster analysis, and
others.

Of course, the use of such complex tools requires
not only high specific training, but also adequate
philosophical knowledge, methodological literacy.

Method of modeling

Modeling is a study of any phenomena, historical
andtechnical processes or systems by constructing and
studying their models, which reflect certain aspects of
the technology history [2, p. 816; 5, p. 81]. Models of
historical and technical processes involve three types:

+ models of historical and technical analysis;

- forecasting models;

* models of operations.

In [5, p. 78-79], a multilevel hierarchical model of
historical and technical research is offered, which takes
in account three interrelated stages: fact (collective),
interpretive (analytical), legislative (theoretical).
Graphically, it is represented in the form of unwinding
spiral of technology development, including four full
turns, corresponding to the periods of production
machinery development: instrumental, mechanical,
mechanization and automation. Cybernetic period is
represented by an incomplete turn. [4]

The most common type of modeling of machines
and processes is mathematical computer modeling
using predictive models to find the best description of
the trend and determine the predicted values of the
studied parameters [11, p. 9-20; 23, 95-97].

Conclusions. The set of proposed concepts of
production and transport machines, principles and
research methods of historical and technical processes
of their development, methods of their periodization,
mathematization and modeling, the use of these
theoretical positions enabled to form an appropriate
methodology.

The greatest attention is paid to the methods
and principles of periodization, as they are essential
elements of the methodology of the historical and
technical research, the main elements of their
scientific novelty. A new generalized principle of
periodization of the history of production and transport
machinery history — the principle of links-substitution,
the authors showed its relation to the principle of
substitution and the ability to analyze intelligent
machines. A new evaluation category is introduced-
level of intelligence of automatic machines, a way of
its quantitative evaluation is defined.

The importance of the principle of periodization for
the history of development of machines, automation
systems and related theory is highlighted. The authors
also emphasized the experience of the application of
the substitution principle and the chronological-problem
principle for periodization of the history of transport and
other equipment.



Keywords: history, cars, locomotive, production machinery, methodological approaches, principle of
historicism, substitution principle, principle of links of machines, generalized principle of links- substitution,
periodization of history of technology, method of mathematization, level of intelligence of automatic machines.
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Bnapumup FOHYAP

Viadimir V.GONCHAR

Haertcs oueHka cutyaunn

C TPAHCMOPTHOU MeANLNHON

Ha [JanbHeM BocToke u B 3abaiikanbe
B riepBble gecsaTunsieTtus XX Beka.
AHannsnpyoTcs TeHaeHUuun

B opraHu3aynv 3apaBooxXpaHeHusl,
cTatTucTn4yeckmne v apxuBHbie gaHHbIe,
XapaKkTepu3yoLne Bpa4eoHyIo
NMoMoLLb Ha XeJle3HbIX foporax

u BOAHOM TpaHcrniopTe. B nepsyio
o4yepeAgb pe4b nget o MegQULUNHCKUX

u counasibHO-3KOHOMUYEeCKNxX
npob6nemax 3y60BpayeOHbIX NPaKTUK
B riepuos CTaHOBJIEHUS COBETCKOU
BJ1aCTU B BOCTOYHbIX pernoHax cTpaHbl
(1922-1927 rr.). OnbIT TEX NNIET

B ornpengesIieHHOW Mepe npoeunpyetTcs
Y Ha HbIHeLUHee BpeMsi, npeasaras
CBOM peyernTbl «JIe4eHUs» 3aCTONHbIX
06 eCcTBEeHHbIX Hea4yros — Hanpumep,
nosiesHa nav BpeaHa HaceJslIeHUIo
BeOMCTBEHHasi XXeJIe3HO40POXHas
MeguunHa.

KnioveBbie crioBa: nctopusi

MeanUMHbI, TPaHCOPTHAash MeANLNHA,
3yboBpayeBaHue, [anbHuii BoCcTok,
Babavikanbe, counanibHOe CTpaxoBaHue.
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KOJIECO UCTOPMWUI

3yboBpayeBaHue Ha
TpaHCNoOpTe: CTO JIeT Ha3ap,

ITonuap Baadumup Baadumuposuu — kanduoam meou-
YUHCKUX HaYK, douenm Kageopst cmomamonoeuu Un-
CMUmyma noblueHus KeanuduKayuu CReyuaniucmos
30pasooxpaHeHus MUHUCMepcmea 30pagooxpaneHus
Xabaposckoeo kpas, Xabaposck, Poccus.

eIMLIMHCKOE 00CTy>KMBaHME Hace-
neHus B Poccun x Hayamy XX Beka
OCYIIECTBJISIOCh B paMKaX CJI0X-
HOI CUCTEMBI, KOT1a JIeueOHbIE YIPEXKICHUS
HaXOAUJIUCh B BEAEHUM MHOTOYUCICHHBIX
MMHUCTEPCTB U BEIOMCTB, 3eMCKUX U TOPO/I-
CKHX CaMOYIpaBJICHUI1, YaCTHBIX, 0JIar0TBO-
PUTEJbHBIX U OOLIECTBEHHBIX YUPEXKIACHUIA.
B yacTHOCTM, MUHUCTEPCTBY ITyTeli COO01IIE-
HUST BMEHSUIMCh BpayeOHast TOMOILb U CAHK -
TapHBII HaJI30p Ha XXeJIe3HbIX 10pOorax B Ipe-
Jiejax MOJIOChl OTUYXKACHHUSI, a TaKXKe CaHU-
TapHbBIIA HaA30p HA BOAHBIX MyTaX [17].
CTpOUTENbCTBO U IKCILIyaTallMs KeJe3-
HbIX gopor Ha JlaneHeMm BocToke, BripoueM,
CTUMYJIMPOBAJIM MOSIBJIEHME TPAHCIIOPTHOM
MEIULIMHbI ellle 10 BOBHUKHOBEHUS TEPPU-
TOPHUAaJbHOIO 3apaBooxpaHeHus. [1pu opra-
HU3alUKU BpayeOHOM 4acTU B MEPUOJ IMO-
CTPOMKM YCCYpUIICKOI XKeJIe3HOU NOpOoTHu
(YecXK]1) B 1891 rooy Bce ee ciayxaiiue,
YUHBI XeJEe3HOAOPOXKHOM MOJIULUU, pabo-
yue, WIeHbl UX CEMEICTB U MPUCIIyTa, a TaK-
Ke JMla, MoCTpaaaBIliue OT HeCUaCTHBIX
cllyyaeB B pailoHe paboT, I0JIb30BaJIUCh
BpayeOHBIMU COBETAMM U JIeYeHUEeM OeCILIaT-
HO, 3a cuet cpeacts goporu [21]. B 1910 ro-
Iy TIOSIBUJIaCh MEAMLIMHCKAS CiIy>k0a AMyp-
CKOU Xeyie3HOU goporu [16]. B oruete



Baknagka kOHe4HoOro y4actka Bennkoro Cubupckoro nytu — YccypuicKoi xes1e3Hou
Aoporu Ha 3-ii BepcTe oT BnaamBocToka.

CTapIlIEero Bpaya IMMOCTPOMKM BOCTOYHOM €€
gactu (1912—1916 r1.) oT™MEe4asoch, UYTO
OOJIbHBIC MOJIYJaAIN «BCSYSCKYIO MEIUIIAH-
CKYIO Y CITIeLIMaJIbHO-MEAUIIMHCKYIO, CTall-
OHapHY10, aMOYJIaTOPHYIO TTOMOIIb» [2].

1.

Bospacratomias corranbHasi 3HaYMMOCTh
OpraHu3aluy U OKa3aHUs JOCTYITHOI 3y0OB-
payeOHONW MOMOIIKM HACEJICHUIO CTpaHBI
He ocTaBajiach 0¢3 BHMMaHUs COOOIIEeCTBa
XKeJIE3HOMOPOXHBIX Bpadeil. B moBecTKy
nua I u IV CoBertateIbHBIX ChE3I0B XKee3-
HOIOPOXHBIX Bpauell PyCCKUX KEJIE3HBIX
nmopor, npoxonuBimux B 1899 n 1911 romax,
CTaBUJIMCH aKTyaJIbHbIC BOIIPOCHI 3yOOBpaye-
BaHHUs PabOYMX M CIYXKAIUX MTOABEIOMCT-
BEHHBIX 00BEeKTOB [15].

Bomnpocwl opranmszanum 3yooBpadueOHOT
ITOMOIIM XEJIE3HOAOPOXKHOMY HacCeJCHUIO,
CIYyKaIllUM U MX CEeMbSIM 00CYKIAINCh 3Y-
6oBpaueOHOII 0OIIECTBEHHOCThIO CTpaHBbI
Ha Il u III Bcepoccuiickux ogoHTON0rAYE -
ckux chesnax B 1899 u 1902 romax [14, 19].

B 1904 romy BbIIIe HIUPKYISIP MUHUCTEP-
CTBa BHYTPEHHMX JIeJI, pa3pelIaroiunii 3y0-
HBIM BpayaM I10 X0JaTalCTBAM MECTHBIX
HavYaJIbHMKOB 3aHMMAaTh CBEPXILITATHbIE TO-
CyIapCTBEHHBIC TOJDKHOCTU «TIE OKaXKETCs
B HUX JEUCTBUTEIbHAS HATOOHOCTh» U «TIE
Mepa cus He OTpedyeT HUKaKUX CO CTOPOHBI
Ka3HbI u3aepxkek» [25]. C aToro BpeMeHU
TOPOJCKME, 3¢eMCKHE U BEIOMCTBEHHBIC Me-
IUITMHCKYE YUPEKICHUS TTOTYIMIN BO3MOXK-

HOCTb HAHMMATh 3yOHBIX Bpaueil, IpruIeM UxX
YCIAYTH OILIaYMBAJINUCh 3a CYET MECTHBIX
cpencts [12].

ITepBble crieManucThl 3y0OBpaueOHOTO
neyna mosBuiauch B Ilpmamypbe B KOH-
e XIX — Havane XX Beka, YTO 3HAUUTEIbHO
Mo3Xe, 4eM B eBporeiickoil yactu Poccun.
DT0 OBbUIM BBIMYCKHUKU LIeHTpanbHOI Poc-
cum, Ykpaunsl n gaxe [Momsmmu [10, 12].
B 1911 rony B Xapoune, numesiiieM ¢ Jlarb-
HUM BOCTOKOM HOCTYIHBIE TPaHCIIOPTHBIC
CBSI3U, OTKphbLIach 3y0oBpaueOHasl 1IKOJIa,
IUIUIOMBI KOTOPOM TMpU3HABAJIUCh B Hap-
ckoii, a 3ateM n Cosetckoii Poccuu [20].
Takum obpaszom, JdanbHuii BocTok momyqum
IOCTAaTOYHBIA CTOMATOJOTMYECKUA Kaapo-
BBII moTeHIman [11].

HacymHast norpeGHOCTh B OpraHu3aluu
3y0oBpaueOHOI ITOMOIIM 3acTaBUiIa yupe-
IuTh B 1912 rogy Ha CTpOUTEIBCTBE BOCTOY -
HOM yacTu AMYPCKOM KeJIe3HOW JOpOoTu
BHEIITAaTHYIO, BOJJbHOHAEMHYIO TOKHOCTD
3yoHoro Bpaya. B XabapoBcKe OTKPBLIN 3y-
OOBpaueOHBINI MpueM 1JI1s1 pabouurX U CIIyKa-
IIUX, 3aHSITHIX HA 00bEKTaX TPACChI, a TAKXKE
YJICHOB UX CeMeli. DTOT OIBIT OKa3aJcs
YIa4YHBIM, TIOCKOJIBKY ITO3BOJISITT 00€CIIEUNTh
KBaIU(UUMPOBAHHON M OeCIUIaTHOM IJIs
nalmreHTa ITOMOIIbIo, 00JIee TOTO, OBLIO Ha-
YaTO M3TOTOBJIEHHUE 3YOHBIX MPOTE30B
o GUKCUpoOBaHHBIM paclieHKam [10].

Ha ocHoOBe nMerommxcsl apXuBHBIX TaH-
HBIX YCTAHOBJIEHO, YTO TOJIBKO B 1913 romy
Ha YccXK]l mosiBUNKCH MepBbie LITATHbIE
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3yOHbBIE Bpauu [6]. DTOT hakT MoATBEPKIAT
cKopee HeraTuB, YeM IO3UTUB, MO0 Meau-
LIMHCKOE 00CTy>KMBaHUE XKeJIe3HOTOPOKHU -
KOB OCTaBaJIOCh HEIOCTATOYHBIM, U OOJIb-
IIMHCTBO paOOTHUKOB MO-TIPEKHEMY BBIHY-
JKIEHO OBLIO JICUUTHCS Y YACTHOIIPAKTUKYIO-
LIUX Bpayeil u GpebaiieposB.

K nauvany IlepBoii MUPOBOiII BOMHBI
BO BpaueOHO-CaHUTAPHBIX YACTSIX XKEJIE3HBIX
JIOPOT CTpaHbl AelicTBoBaIu 150 3yOHBIX Ka-
OMHETOB, B KOTOPBIX TPYAWINCH IPUMEPHO
100 Bpaueii, mpuyeM Ha OKa3zaHue 3yOOBpa-
YeOHOM IMTOMOIIIH e3KeTOTHO PUXOIUIIOCH 10
11% Bcex 3aperucTpupOBaHHBIX aMOyJIaTOP-
HBIX ocenieHui [15].

B 1920-¢ roasr B CoBetckoii Poccun mpo-
BOJIMJIMCH TJIO0ATIbHBIC COLIMAIbHBIE pethop-
MBI BCEX CTOPOH XU3HMU JIIOJEH, rIe ocodboe
MECTO 3aHMMAaJ0 OKa3aHWEe MEIUIIMHCKOMN
nomoniu. JlekiapupoBaloch, UYTO OKa3aHUE
3y00BpaYeOHOI MTOMOILM SIBJISIETCS ITpepora-
TUBO# rocygapcTBa U 00€CIIeUMBAIOTCS €10
B MepBylo ouyepenb Tpyasaiuecsa. OgHako
roCyJIapCcTBO He Bcerna ObUIO B COCTOSIHUM
MOJIHOCThIO (DMHAHCUPOBATh MEAUIIMHCKYIO
MOMOIIIb U YacCTh IMPOOJEMBI JTOXMIACH
Ha TIJIeYX MECTHBIX OPTaHOB BJIACTH U X031 -
CTBYIOLIMX CYOBEKTOB. B CBSI3M ¢ 9TUM UHTE-
pec TpeacTaBIsieT U3ydeHue MOISIU opra-
HU3auuu 3y0oBpauyeOHOM MOMOIIY Ha TpaH-
criopte JlanbHero BocToka m 3abalikalbs,
a TakKXe 9KOHOMHUYECKMX, MEIUILIMHCKUX
U COLMAJIBHBIX TPOOJIEM, KOTOPHIE €1 COTYT-
CTBOBAJIU.

C 1918 roma B cTpaHe HavyajaoCh CTPOM-
TEJIbCTBO «EAMHOI» (rOCyTapCTBEHHOIT) Me-
NULMHBI, TOAKOHTPOJBbHOW LIEHTPAJIbHOM
Brnactu. IIpu HaponHom kKomuccapuate
snapaBooxpaHeHuss PCOCP 6bur co3maH or-
JIeJT TIyTEei COOOIIEeHUsI ¢ OOJILITUM MOAOTAC -
JIOM 3KeJI€3HOIOPOXKHOIO TpaHCIIOPTa U He-
OOJIBILIMM — BOJIHOI'0. DTO COOBITUE MOXHO
paccMaTpuBaTh, C OJHOM CTOPOHBI, KaK I10-
TepI0 CaMOCTOSITEIBHOCTU KEJIE3HOTOPOXK-
HOTO 3ApaBOOXpaHEHMSsI, C APYroil, HaIpo-
THUB, KaK COXpaHEHHE ee HEKOTOPOIii aBTOHO-
MUHU, ITOCKOJIbKY IMOSIBUIIMCH CIICLIMATbHBIC
JIOPOKHBIEC OTIEbI 3APaBOOXpaHEHUS (I0P-
3IPABOTACIBI), a KeJIe3HOAOPOXKHBIC 0OJb-
HUIIBL U IpYrue MEAULIMHCKUEC YIPEXKICHU
CO CBOMM IIITAaTOM OBLJIM COXpaHeHbI [15].

B 1922 rony HapoaHrblii KoMmuccapuar
nyteii coobienus (HKIIC) ctan equHCTBEH-
HBIM rpaxaaHcKuM BegoMcTBoM B PCOCP,
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JOOMBIIMMCS OpTaHU3alMX CBOEU 3aKPbITOI
CUCTEeMBbl MEIUIIMHCKOTO OOCITY>KMBaHUSI.
Jns mpuHSATHUS 3TOTO pellleHus ObIIo He-
CKOJIbKO TpUYMH. Bo-1IepBhIX, MO XeJIe3HBIM
JloporaM MOTJIA PacCIpOCTPaHSITHCI MHGMEK-
LIMOHHBIE 3a00JIeBaHUsI, U BO3HUKJIAa HEO0-
XOIMMOCTb UMETh CITeIIMaTbHBINA CaHUTap-
HBI HaA30p Ha TpaHcmopTe. Bo-BTophIX,
KeJe3Hass Jopora Hepeako Ipoxoauia
Mo paiiloHaM, Tae TeppUTOopuansbHas CeTh
JIEYEeOHBIX YUPEKACHU ITOJTHOCTHIO OTCYTCT-
BoBasa, mosaromy HKITC gomkeH ObLI opra-
HHU30BaTh MEIUIIMHCKYIO TTOMOIIb CBOUM
padboTHukaM. Hakonell, kak oTrmevasn ame-
pukaHckuii ucciaenonatenb K. JIaBuc,
B Te roasl HKIIC Bosrmasnsn ®. D. d3ep-
XKWHCKUI, U ero MoJUTUYEeCKUI Bec obJier-
YT IPUHATUE TPUHIMITMATBHOTO PEIICHUS
0 CO3JaHUU aBTOHOMHO CeTH MEIUITMHCKUX
yUpeKIeHUH IS 3KEeJIE3HOLOPOKHUKOB [26].

CTpOouTEeIbCTBO COBETCKOIO 3ApaBOOXpa-
HeHus Ha JlaabHeMm BocToke okasanoch
MpepBaHHBIM [paxk1aHCKOM BOMHON U MHO-
cTpaHHO# nHTepBeHLMe. [TonmbITKN BBeIe-
HUS €IMHOW CUCTEeMBI 3ApaBOOXPaHEHUS
3aTOPMO3MJINCH U3-3a 3aTSIHYBIINXCS BOCH-
HBIX AeWCTBUI, DPUHAHCOBO-3KOHOMUYECKO-
ro Kpu3uca, a Takxe CJab0CTU MECTHBIX
OpraHOB BJIACTH.

C Hos16ps 1921 romga B pernoHe HaYMHA-
€TCsI HOBBIH 3Tam pa3BUTHS BEIOMCTBEHHOTO
3IpPaBOOXPAHEHUS KaK CaMOCTOSITeJIbHOTO
HampaBJIEeHUsSI, OMJHAKO HeXBaTKa CPEICTB
He Mo3BoJjsia (MHAHCHUPOBATh B MOJHOM
o0beMe MEIUIIMHCKYIO CIYKOY XKeJe3HBIX
nopor. U torga B anpesie 1923 rona BriepBbie
3aroBOPUJIM O COLIMAJIbHOM CTPaXOBaHUM,
«COLMAJIBHOM IaKeTe» I pabodmx U CIIy-
JKaIlluX 3a CYeT cpeACcTB paboTonaress. beuia
ono0peHa opraHu3alus CTPaxOBBIX Kacc
1 M30paH TOPOKHBIN KOMUTET COIIUATIBHOTO
crpaxoBaHus. o 3TOro OOJLHUYHBIX Kacc
Ha XeJIe3HOH ITopore He YMCIUIOCH: CyIIe-
CTBOBaJIM cOOECHI MPU yIpaBICHUU JOPOT,
peopraHu30BaHHbIC U3 OBIBIINX IMEHCHUOH-
HbIX KomuTteToB [18]. CoumanbHoOe CTpaxo-
BaHUE Ha TPAHCIIOPTE IIPUBJICKIIO 3HAUUTEIIb-
HbIC TOITOJHUTEIbHbIC TEHEXHBIE CPeICTBa
I (GMHAHCUPOBAHMST COLIMAIBHOM, B T. Y.
MEIMIIMHCKOM ITOMOIIIY COTPYIHUKAM TpaH-
cnopTHBIX ceTeli JanbHero Bocroka.

JlukBumanus He3aBUCUMOI KeJIe3HOIO-
POXHOW MEIMLIMHBI U CO3JIaHUE €IUHOU
CcoBeTCcKOI MenuMHbl Ha JlanbHeM BocToke



OTKpbITUE AMYpPCKOJ XXene3Ho goporu 6 aekabps 1913 roga.

BHOBb Havayjioch 4 mioHd 1923 roma, Koraa
BO IJIaBe XeJIe3HOJOPOXKHOTO 3paBOOXpaHe-
HUSI cTas opradH HapkoM3iapaBa — TOpOKHBIN
oTHe] 3ApaBooxpaHeHus (nop3apan). PaHee
aHaAJIOTMYHAs CTPYKTYpa BO3TJIaBIsIach Bpa-
4yeOHO-CaHUTApPHON CIIyXK00Ii, sIBJIsIBIIECS
YacThi0 PYKOBOJICTBA Aoporu [24].
OCHOBHas AesITeTbHOCTh OPTaHOB BJIACTH
B 00JIACTH 3MpaBOOXpaHEHMsI Ha TpaHCTIOPTE
B M3yuyaeMbIii Tepuoj Oblia HalpaBjieHa
Ha IMOAYMHEHNE BCEX CTOPOH BETOMCTBEHHOM
MEIULIMHBI €eIMHOMY TOCYIapCTBEHHOMY
yIpaBJeHUIO 3ApaBooXxpaHeHnueM. Mexmy
TEM, CPEJICTB Ha OPTaHU3aIINIO IEHTPAJIN30-
BaHHOI1 MoMoIiu He xBatajo. @uHaHCcOBas
0a3a TOPOKHBIX U BOAHBIX OTIEIOB 3[PaBO-
OoXpaHeHUs (TOPBOA3APABOB) CIaranaach TOXe
U3 CKYIHBIX CPEJIICTB — KPaeBOTo O10/IKeTa,
CTPaxOBBIX B3HOCOB, CPEJICTB XO35ICTBEHHBIX
opraHoB HapogHoro komuccapuara myTeit
COOOIIIeHUST HA JIEKAPCTBEHHOE U XO3SICT-
BeHHOe obcyknBaHue. MakTnuecku okasa-
HUE MEIWIIMHCKOW MOMOIIU, B TOM YuCJIe
3y00BpauyeOHOM, 111710 3a CUET Je4yeOHOro
(oHma cTpaxoBBIX Kacc U B MEHbIIIEH cTerne-
HU — CPEICTB YIIPABJICHUS XKeJIE3HOM TOPOTH.
Takum obpa3oM, (pruHaHCUpPOBaHUE Jie-
4eOHO-CAaHUTAPHOTO JieJIa Ha TaJIbHeBOCTOY -
HOM TpaHcmopTe B Havase 1920-x romos
OCYIIECTBJISIIN HE COBETCKME OPTaHbl yIIpaB-
JIEHUST 3IPaBOOXPAaHEHNEM, Y KOTOPBIX OTCYT-
CTBOBJIM HEOOXOIUMBIE PECYpChI, a aIMM-
HUCTpAlUU NPEeANPUITUN, MIATHBIINX

CTPaxoOBBIC B3HOCHI, M CTPAXOBBIC IIPUCYTCT-
BUsI, KOTOpEIE aKKyMYJIHPOBaln (DPUHAHCO-
BbI€ CPeJCTBA COLIMATBHOIO CTPaXOBaHMUSI.

HavanbHUKM JOPOT U CTpaXOBEIE OpraHbI
CTapajrch COXpPaHUTH U JaXe YKPEITUTh CBOIO
pOJIb U BIMSIHUE B PYKOBOACTBE JICUCOHBIM
JIeJIOM, UTO HE yCTpauBajio HOBYIO BJACTh.
OpnHako oHa, Toraa cjiadbast U HeycToiurBas,
ObLTa BBIHYXXIEHA ITOMTU Ha YCTYIIKM U CO-
IJ1aCUThCS Ha KOJUJIEKTUBHOE yIpaBlieHUE
TPAHCIIOPTHBIM 3IPaBOOXpPaHEHUEM. DTO
MPUBEJIO K CO3JaHUIO0 COBETOB MPU 3IpaBOT-
JieJ1ax ¢ yyacTueM IMpeacTaBUTEN e XKele3HbIX
JIOpoT, TpodCOI030B, CTPAXOBBIX OpraHU3a-
LW, COI03a TPAHCITOPTHUKOB. COBETHI pac-
CMaTPUBaJIN TIPOOJIEMHBIE CUTYALIUN U TIPH -
HUMAaJIH pellleHUs, KacarolIuecs IIPUHITUITN -
aJIbHBIX BOIIPOCOB OpPTaHM3aIlUM 3IPaBOOX-
paHeHus. boJjiee Toro, Ha MecTax Ipu BCex
JIeYeOHBIX YUPEXKICHUSIX HadaJl JeiiCTBOBATh
aIMUHUCTPATUBHO-XO3SIMCTBEHHBIE COBEIIA-
HUSI, KOTOPbIE TIOMUMO XO3SIUCTBEHHBIX U
yIpaBjJeHYECKUX 3a7a4 3aHUMAaJIMCh COLM-
aJIbHbIM OTOOPOM OOJIbHBIX.

CuuTaercs, YTO COBETHI IIPU 3IPaBOTIC-
JIaX, KaK ¥ aIMAHHUCTPATUBHO-XO3SIHCTBCH-
HBIE COBEIIAHUS IIPU JICUCOHBIX YUPEKICHM -
SIX, UMEJIM BO3MOXHOCTb OKa3bIBaTh CYIIE-
CTBEHHOEC BIIMSTHHME Ha OPTaHU3aIIAIO MEIM -
LIMHCKOM IMMOMOIIM Ha 1opore U obecrieueHue
3anpocoB Tpyasiuxcs. OHU KOHTPOJIMpPOBa-
JIM MepevyurciaeHue 3ApaBoOTIAE]y CTPaXOBbIX
B3HOCOB, OyIy4M 3aMHTEPECOBAaHHBEIMU B UX

® MUP TPAHCNOPTA 04°14




MPaBUJIBHOM M PallMOHAJILHOM PacxoaoBa-
HHUM, CMBIC] UX IESITEJIbHOCTH OTpaxall
KJIaCCUYECKUIA JIO3YHT TOTO BpeMEHU: «310-
POBbE TPYASILIMUXCS €CTh JACJIO CAMUX TPY.Isi-
LIAXCST».

Yucno cnyxkamux YCCypuICKOM Xeme3-
HO# TOPOTU U MOJACOOHBIX MPEAITPUITUI,
3aCTPaXOBAHHBIX JOPOKHOM CTPAXOBOM Kac-
coii (mopcTpaxkaccoii), K 1923 romy cocras-
nso 13031 yenoBek, a ¢ yJleHaMu ceMeit —
45609 [8]. ITo cBeaeHMSAM CTPAaXOBOIi KACChl
3abalikaabCcKo xkeae3Hoi goporu (3a62K/1),
KOJIMYECTBO 3aCTPAaXOBAaHHbBIX PA0OYMX U CITY-
Kammx pocturano 13754 yenoBek, a ¢ 4ie-
HaMmu cemeit — 55016 [7]. B ato ke Bpems
ObUTO OTMEUYeHO, 4To noutu 70% Xeje3Ho-
JIOPOXKHOIO HaceJIeHUs CTpagaeT O0JIe3HIAMM
3y0oB [8].

Oco0BbIii MHTEPEC MPEACTABIISIIOT CBOIHbIE
JaHHBIE 10 MEAULIMHCKOMY M COLIMAJbHO-
OBITOBOMY OOCJIEIOBAaHUIO JeTeil, a TakxKe
MOAPOCTKOB, padoTtaromux Ha YccXK]/I, mpo-
BeaeHHOMY B 1924—1925 ronax. Br1io Bbisi-
cHeHO, 4To 40% yyanmxcs MMeu 1eUuLnT
Macchl Teqa, 19% — yBenndeHHble TuMdaTi-
yeckue y3ibl [12]. M3 obcieqoBaHHbIX 645
MOJAPOCTKOB, PaOOTHUKOB TPaHCIIOPTa, pe-
TYJISIPHO YXaXkMBaJik 3a 3y0aMu TOJbKO 151
(23%), peryisipHO IoJb30BaIKCh GaHeit 180
(28%), MeHsIM peryJIsipHO Oejibe Juilb 198
(31%) [3]. Takum oGpa3zom, IIpobdIeMa II0-
XOT'0 COCTOSIHUS 3y0OOB Oblla 4YacThIO OOIIIEit
npobseMbl OeTHOCTU HaceJleHUsI, CIOXHOMI
SMUAECMUOJIOTUYECKOM 0OCTAHOBKH, IJIOXUX
CaHUTAPHO-OBITOBBIX YCIOBUIA ITPOKMBAHMS
M HETOCTATOYHOTO MUTAHMSI.

K MoMeHTy ycTaHOBJIEHUsI COBETCKOM
Biactu Ha JlanbHeM BocToke u B 3abaiikaibe
3yboBpadeOHas ciyxk0a 3a62K/] pacronarana
BCEro TpeMs KaOMHeTaMM Ha CTaHLIMSAX
Bepxueynunck, Yura-1, Yura-ropos, 4to
CUYMTAJIOCH IBHO HEAOCTATOYHBIM, IIOCKOJIb-
Ky He 00CIy>XXMUBaJcs TpPOMaJHBIN paiioH
K BocTOKY oT YuThl [7].

Ha VYccypuiickoit xxene3Hoit gopore 3y-
O0oBpaueOHast TOMOIIb OKa3bIBalach YEThIPb-
M CTALIMOHAPHBIMU KaOMHETAaMU U ABYMSI
MepeIBKHBIMU, 000PYI0BAHHBIMU B XKEJI1€3-
HOJOPOXHBIX BArOHAX, KYPCUPYIOIIMX B 30HE
HaubOoJiee HaceJleHHbIX yHKTOB: IlepBas
Peuka, Hukonbck-Yccypuiick, MypaBbeB-
Amypckuit, Xabaposck, Oonyube, boukape-
Bo. OpraHusanusi Takoi nepeaBuKHON MO-
e Oblla HavaTa ellle A0 YCTaHOBJICHUS

® MUP TPAHCNOPTA 04

coBeTcKol Biactu. [lepeaBukHbIE KaOUHe-
THI-BaroHbl HAXOIWJIKNCH B BEICHUHU YIIpaBJie-
Hus gopor. Ilo muany Ha 1924 ron npearo-
JIarajoch 000OPyI0BaTh U MYCTUTD €1lle OTUH
MOJABMXHBIN KaOMHET, HO OT MOJ00OHBIX
IUIAHOB MPUIILIOCH OTKA3aThCS B CBSI3U C TEM,
YTO JOpOra IocuuTajga HeBO3MOXHBIM Oec-
IUIATHO TIPENOCTaBJISITh BarOHBI MO 3y0O-
BpaueOHBIEe ycayru [8]. DKoHOMUYECKUE
MHTEepeCchl IPOM3BOJCTBA, YBBI, BCEraa mpe-
obamanu HaJa MEIUIIMHCKUMU.

3yboBpaueOHas MOMOIIL OKa3bIiBajlach
nmo Kputepuio oodpamaemoctu. CorimacHo
aHa/lIM3y apXUBHBLIX MaTepuaynoB [4], Goiee
IMOJIOBUHBI BCEX OOpaIlleHUI TPUXOAUIOCH
Ha JeTeli, MOIPOCTKOB U MOJIOIEXb B BO3pa-
cre 10 20 jieT — 57,5%, 4T0 MOKHO OOBSICHUTD
BBICOKOI pacIpoOCTpaHEHHOCTBIO Kapueca
B OTOI BO3pacTHOM TpyMnIie, HEOOXOAUMO-
CTBIO TIPEAYNIPEXKICHUS OCTOXHEHUN U, CO-
OTBETCTBEHHO, MPEAOTBpaIlleHUs MOTEPU
3yooB. Ha kareropuro 20—50 et — 35,5%,
YTO CBSI3aHO C MpeodIamaHueM OCIOXKHEH-
HBIX (hopM Kapueca, a TaKXKe HaIUIMeM 3a-
OoJieBaHUI MapaJoHTa U, 3HAYUT, OOJIBIION
MOTPEOHOCTHIO B XUPYPIUUECKUX METOIAX
neuenus. B Bo3pacte 50 neT u crapiie — 06-
paleHuii Bcero 7%, npuyeM IIaBHbIM 110-
BOJI — alleHTHUH.

B 00beM momotu a1t 3KeJae3HOA0POXK-
HUKOB BXOJUJIO JIeYeHNE U TUIOMOUPOBAHUE
3y00B, OTHAKO YeTKUX HOPM OOCIIYKMBaHUS
YCTaHOBJIEHO He ObLI0. 3y0OompoTe3npoBa-
HUE Ha MePBBIX ITOpaxX OTCYTCTBOBAJIO U3-3a
HEXBaTKU CPEACTB, TEM HEe MEHee, YIUThIBas
OCTPYIO HEOOXOAUMOCTh B TaKOW MOMOIIU
U MPUHMUMAsI BO BHUMaHUE MaTepUaTbHYIO
HeoO0eCIeYeHHOCTh TPYASIIUXCS TOPOTH,
OBbLTY MPEANIPUHSTHI IIaTH 110 TIPEI0CTaBIIC-
HUIO UM 3YOOTEXHMUYECKUX YCIAYT 3a CUeT
CyOCUIUIA OT MPEATIPUSITUS, a TAKXKE peria-
MEHTUPOBAHHOI BbIJAYM MOCOOUI MJIsT 3y-
6ornporesupoBaHus [9]. YToObl MOTYyYUTH
MMPOTE3bl, TPAHCIIOPTHUKAM TPeOOBaIOCh
OCBMIETEJIbCTBOBAHNE BPauyeOHO-KOHT-
poabHoil Komuccuu (BKK) Ha Hanuuue
(GYHKIIMOHAJIbHBIX TTOKAa3aHUM, a 3aTeM
BONPOC pellrajcs Ha COBeTe AOp3ApaBa,
IIpUYEM B IIEPBYIO OYePelb «3yObl» BblIaBa-
JIUCh pabOYUM TSXKEIOro pu3nuyeckoro
Tpyna, BO BTOPYIO — CIAYXaIllM, a X 3aTeM
U 4ieHaM cemeit [7].

B xoMmmeTeHIIMI0O COBETOB HOPOXHOIO
U BOTHOTO 3IpaBOOXpaHEHUs (IOPBOA3IApA-



Coopy)KeHMe HacbInu ¢ NCMNoJIb30BaHNEM BaroHeTOK Ha CTPOUTE/IbCTBE AMYPCKOM XXesle3HOM 40pPOoru.

BOB) BXOJIWJIO TIPUHSTHE PEIICHUST O KOMITCH-
caruy pabouynM (PMHAHCOBBIX CPEICTB 3a 3y-
OompoTe3rpoBaHKe, KOTOPOE IIPOBEACHO BHE
YUpEeXIEeHUI CUCTEMBbI TPAHCITOPTA, a TAKXKe
Yy YaCTHOIPAKTUKYIOIIUX Bpauyeil, 0THAKO
He Bceraa pellleHue 0Ka3bIBaJoCh B TOJIb3Y
pabOTHUKA, OTKAa3 B KOMITEHCALIMY JICUEHUST
MOT OBITH 00YCJIOBJIEH HEeOJIaronpusITHbIM
MpPOrHo30oM 3aboyieBaHus [5].

.

B 1923 rony 3yoHbIMU BpayamMu YccK]
ObLI0 MPUHITO 8842 TEePBUYHBIX OOJBHBIX,
M3 KOTOPBIX 3676 SIBASAIUCH CAYXallUMU
moporu, 5166 — uneHamu ceMmeiicts. Becero
3aperucTpupoBaHo 32686 moceuieHui, 3a-
KOHUeHo JieueHue 7838 3yboB. B kauectBe
TUIOMOMPOBOYHBIX MaTepualoB OB UC-
MoJb30BaHbl GochHATHBINA U CUTMKATHBIA
LIEeMEeHT, amaibrama. YmnaieHo 4167 3y6oB
U MpoBeaeHo 326 Menkux omnepauuii. ITpo-
LEeAyPhl IO CHATHIO 3yOHBIX OTJOXEHUN
obuTn ipoBeneHbl y 1013 yenosek [6]. TTo cy-
TH, OOJIbIIIE MOJOBUHBI MCXOM0B JICUCHUS
3aKaHYMBAJIOCh TOTepeil 3ydba, 4TO OBLIO
CB$I3aHO, C OJTHOI CTOPOHBI, C HECOBEPIIIEH-
CTBOM METOIMK JIEUCHUS W 3aIyIIeHHBIM
COCTOSIHUEM 3YOOB (0oJiee TOJIOBUHBI yaa-
JIEHHBIX 3y00B OBIJIN ITOJTHOCTHIO Pa3pyIIeHbI
1 3a9aCTYI0 OTMEUaInCh BpauaMu Kak «radix»
(kopeHb). C apyroit — HEyIOBJAETBOPUTEIIb-
HBIM CHaOXeHMEM JiIeKapCTBaMM U MaTepHa-
Jlamu, 3a4actyio MeHee 50% OT pealbHOI
notpedbHoctH [7].

Vke K 1926 roay 3HAYUTEJIBHO BO3POC
MoTeHLMaa 3yooBpaueOHoOI ciry>KObl 3a0aii-
KaJibsa u JlaapHero Bocroka. 3abaiikanb-
CKUI gop3apaB opraHusoBall padoty 12
KaOMHETOB Ha CTaHIMIX: BepXHeynuHCK,
Xunok, Yura, IlIunka, Moroua, Epodeit
ITaBnoBuu, CkoBopoauHo, ONoBsIHHAasA
[22]. VYccypuiickuit mop3apaB pacrnoJjiaral
9 kabuHetamu (14 Kpeces) Ha KPYMHBIX
JKeJIE3HOTOPOXHBIX CTAHIIUSX. YBEJIUIUICS
mrat Bpaveii (¢ 11 81925 10 1481926 1),
BO3POCJO KOJMYECTBO IMOCEHEHUN —
10 55,2 TeIC., U3 HUX MEePBUYHBIX — 15,3
ThIC., caHupoBaHbl — 11331 yenoBek. Pa3-
paboTaHa BbIe3IHasl CUCTeMa OKa3aHUs
3y0OBpayeOHOI MTOMOIIM Ha OTHaJeHHBIX
y4acTKax JUIsl TOTO, YTOOBI TPAHCTIOPTHUKM
HE OTPBIBAJIMCH OT CBOEH MOBCEIHEBHOM
npodeccuoHaabHOM NeSITeIbHOCTU Ha MO0~
€3IKW B KPYITHBIE [IEHTPHI.

HecMmoTpst Ha BBICOKME KOJTMYECTBEHHBIE
rnokasaTean oOpaTUBILIMXCS 3a 3y00oBpaueo-
HO¥ TIOMOIIBIO, UX YIEIbHBII BEC COCTaBIISII
Uk 6% OT Bcex aMOYIaTOPHBIX Mocele-
HWI, ¥ Kacajach 3Ta MOMOIIb He 6osiee 10%
00lLIeTo YMcia HaceJieHUusl Joporu [4].

ITpoduabHast TOMOIIb OKa3bIBaJIach B 3y-
OGOTPOTE3HOI MacTePCKOii Jop3apaBa B Xa-
0GapoBCKe U I10 JIOTOBOPaM B aHAJIOTUYHBIX
MyHKTax Bi1ammBOCTOKCKOTO OKp3apaBa
M C YaCTHBIM TEXHUKOM B Yccypuiick-Hu-
KoJIbcKe. B BeJJOMCTBEHHOI MacTepcKoi
MPUMOPCKOTO LieHTpa B 1926 rony ObLIO M3-
rorosJieHo 467 nipoTe30B [3].
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K 1927 rony 3yboBpaueOHas ciayxoba
tpaHcrnopra PCOCP 3HaunTe1bHO OKperia
M paclIMpUIach. B 1ITaTe Kejle3HbIX J0pOr
paborasio 659 3yOHbIX Bpaueii, 4YTO COCTABIISI-
J0 19% ot Bcex MX KOJUIer B peciyOiuKe.
B otpacieByio cucteMy cieIMallCTOB IIPU-
BJI€KaJlu PEryJIsipHOI 3apabOTHOI IIaToM
U TOIOJHUTEIbHBIMU COLIMAIbHBIMY IFapaH-
TusiMu. yHKIIMOHUPOBaIo 666 3yboBpayeod-
HBIX aMOyJaTopuili U KaOMHETOB, IpUYEM
obecrieueHHOCTh KpeciaMu coctanisiia 0,14
Ha 1000 gyenoBeK XKeae3HOIOPOXKHOTO Hace-
JICHUSI, 9TO OBLJIO 3HAUUTEIBHO BhIIIE O0IIIe-
pecnyonukaHckux 3HayeHuit (0,03 Ha 1000).
3aperucTpupoBaHHOE TOTJAa KOJIMYECTBO
MOCeIleHN pabOTHUKAMU TPAHCIIOPTa CBO-
MX CIIEeLIMAIM3MPOBAHHbBIX JIEYeOHBIX yupe-
KIEHUI 3TOro npoduist ObLJIO Ha YPOBHE
3300 TBIC., ¥ 3TO COCTaBJIsIIO Mopsanka 23%
BceX 00pallieHuIi 3a OKa3aHUeM KBaJTu(ULIM -
pOBaHHOW 3yO6oBpayeOHOIN MOMOIIU
B PCOCP [23].

OTaebl 3ApaBOOXPAHEHUS KEIE3HOM0-
POXKHOTO M BOAHOIO TpaHcnopTa JJajbHeBo-
CTOUHOTIO Kpasl pacrnojaraiu 38 3yboBpaueo-
HBIMU KaOMHETaMU, B KOTOPBIX YHUCIMIOCH
o omHoMmy Bpauy [13], o6ecrie4eHHOCTD 3y~
GoBpayeOHBIMU KpeciaMy 3aKPEIIEHHOTO
HaceneHus Oba 0,18 Ha 1000 yemoBek
Ha 3a62K1 u 1,19 — Ha Ycc2K]/, TO ecTh BhIIIIE
00IIIEPOCCUICKUX ITOKA3aTeNeid.

OpHako 00eCIeunTh TOCTYITHOM M Kade-
CTBEHHOI1 IIOMOIIIbIO BCEX TPAHCIIOPTHUKOB
¥ 4JIEHOB UX CeMel AelicTBOBaBIlIasl cCUCTEMA
oKazajach He B cocTossHuM [1]. MHorouu-
CJIEHHBIE KaJoObl U 3aMe4YaHUs Ha padoTy
JIOPBOA3APABOB 00CYKIAIMCh HA COBETaX IIPU
oTIenax 3napaBooxpaHeHus. IlpencraBurenn
TPAHCIIOPTHBIX OPraHM3alMil OTMEYalld, YTO
«MAacChl CTaJIu TpeOOBaTeIbHEE» U HEOBOIb-
Hbl KQU€CTBOM OKAa3bIBA€MbIX JUATHOCTUYE-
CKMX M JIeUeOHBIX MEPOIPUATHIA, a TaKKe
MPU3bIBAIOT OPTraHbl 31PAaBOOXPAHEHUS yCTpa-
HUTb BCE 3aMEYaHMS U YIYYLIUTh Ka4eCTBO
MEIULIMHCKOM momonu [18].

BbIBO4bl

K opranmsanum MeIWIIMHCKOW MOMOIIN
pabOTHMKAM TPaHCIIOPTa COBETCKAsl BJIACTh
B Havasie 1920-x rogoB OTHOCWIACh C ITOJIHOM
CEPBE3HOCTHIO U 00CTOSITEIBHOCTHIO. DTO OBLIO
CBSI3aHO, C OMHOM CTOPOHBI, CO CTPATErMYECKUM
3HaYEHUEM TpaHCIopTa, 00ecreyeHNeM ero
OecrepeboIfHOI pabOThI, MOBBILLIEHUEM IMPOM3-
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BOIUTEJIBHOCTH TPYZa, CHIDKEHMEM 3a00J1eBa-
€MOCTH 1 IOTepb pab0oYero BpeMEeHU 110 TTPUYH -
HE BPEMEHHOI HETPYIOCIIOCOOHOCTU TPYIS-
LLIAXCS, a C APYIOii, C IPELOCTABICHUEM TIPU-
BWJIETHI U TIpepepeHLINI 17151 paboumnX B OOMEH
Ha UX JIOSTbHOCTh K HOBOM BJIaCTH.

Ha tpaHcmopTte mpeanpuHUMaIuch Io-
IBITKM OCYIIIECTBUTH OCHOBHBIC IPUHIIUATIBI
COBETCKOM MEIUILIMHBI: OTCYTCTBUE MPSIMBIX
I1aTexeit sl 00JIbHOr0, O0IIEeIOCTYITHOCTh
U KBaTU(UIUPOBAHHOCTD. DTO B LIEJIOM OBLIO
00eCIIeYeHo 3a CYET OMHOPOIHOCTH COCTaBa
TPAHCIIOPTHOTO HacCeJICHUS, COIIMaJIbHOTO
CTpaxoBaHUsI, OTHAKO BOIIPOCKHI (DMHAHCUPO-
BaHMs 3yOOIIPOTE3MPOBAHUS OCTAaBaIUCh
HepeIIeHHBIMU.

Henocrarok 3yboBpayeOHOI 1 3yOOIIpoTe3-
HOI1 TTIOMOIIM B TOCYJApPCTBEHHOM CeTH Jieueo-
HBIX YYPEXKXICHUN BOCIIOJHSJICS YCIyraMu
Bpayeil YaCTHOM NPAKTUKU, KOTOPBIEC IOJIYYIN
MpaBO 3aKOHHO PabOTaTh B CBSI3U C BBEICHUEM
B 1922 roay HOBOI1 5KOHOMMUYECKO MOJTUTUKKI
(HBIT). Yemyramu yacTHBIX Bpaueil oJIb30Ba-
JIVCh KaK OpraHbl 3PaBOOXPaHEHUS, TIPUBJIeKast
Bpaueli Ha TOTOBOPHBIX HavyaslaX K MEIUIIMH-
CKOMY OOCHyXMBAaHUIO HaceJIeHHUs, TakK
1 Ta YaCThb HACEJICHMSI, KOTOpasl ObL1a JTUIIIeHa
BO3MOXHOCTH TTOJTyYUTh IIOMOIIb TEPPUTOPH -
aJIbHOI WJIM BEAOMCTBEHHOI MEIUIIUHBI.

O6mwmit necuuT PMHAHCUPOBAHUS TOCY-
JIApCTBEHHOTO 3PaBOOXPaHEHUS TIPU 3a1pe-
T€ Ha IpUBJIcYCHUE (DUHAHCOBBIX CPEICTB
OT HaceJIeHUSI, a TAKXKe 3HAUYUTEIbHOE YBEIM -
YyeHHUe MOTPEeOHOCTH B 3y0OBpaueOHOI ITOMO-
1M 3aCTaBUJIM OPTaHBI 3APaBOOXPaHEHUS
0oJiee MparMaTUYHO TMOAXOIUTH K BBEIOOPY
CPEICTB M METOAOB JICUCHMSI.
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OIbITKa cOoOpa M aHaau3a CBEACHUIA

O CTAHOBJIEHUU U pa3BUTUU TpaH-

CIOPTHOM MEIMLIMHBI 3aCJyXKUBaeT
BHUMAaHMSI BBUAY MaJlOi U3YYEHHOCTU 3TOTO
pasaesna uCTopur MeauLMHbI. Bormpoc oueHb
BaKHBIN, HY>KHBIN 1 THTEPECHBIN.

Bwmecte ¢ TeM HazBaHUE CTaTbU BbI3bIBAET
PS BOIIPOCOB: MoYeMy pedb UAET 0 3y0oBpa-
yeBaHUU Ha TpaHcnopTe? BoaHbIi TpaHCTIOPT
YIIOMUHAETCs JUlb B 001IEM KOHTEKCTE,
B TO BpeMsl KaK 3KeJIe3HOJAOPOXKHBIN TpaH-
CHOPT B MaTepuajie siBHO IpeBaiupyeT. Ha-
CKOJIbKO KOPPEKTHO MOHSTHE «TPaHCITOPTHAs
MeaulHa»? M3BeCTHO, YTO CJIOBO «TpaH-
CHOPT» BOLLIO B TEPMUHOJIOTUIO MO3HEE, YEM
B paccMaTpuBaeMblii MEPUO/I.

IpeacraBasieTcss HEOOXOAUMBIM OoJiee
YeTKO MPeACTaBUTh COLIMAIbHO-3KOHOMUYE-
CKMI M OpraHM3allMOHHbIN acleKThl, IOKa-
3aTesI 3a00J1€BaEMOCTH, a TAKXKE PE3YJIbTaThl
siedyeHus. CTaTUCTUUECKUE TaHHbIE, OCHOBaH -
HbIe Ha 0OJIbILIOM apXMBHOM MaTepuae, lie-
JIeCOOOpa3HO TeMaTUUYECKU CUCTEMATU3UPO-
BaTh, YTO IOBBICUT CTEIEHb 00OOILIEHUS
clieJJaHHbIX BBIBOAOB.

CaMo no cebe MUPOKOe MpUBJIEUESHUE
apXMBHBIX JaHHBIX 3aCJIYKMBaeT BCAYECKOTO

BMECTO PE3IOME

0100peHHsI, HO X COAEePXKAaHUE ITO3BOJSIET
BBIATHU 3a Mpeaebl CTATUCTUYECKMX BbIKJIa-
JIOK, HE OTPaHUYUBATHCS CBEACHUSIMU T10 XKe-
JIe3HbIM noporaMm. Kak, Hanmpumep, Jeuyuiu
3yObl Ha MOpcKUX cynax? beuiy v Tam crie-
uanucTbl? JII000MbITeH U aclEKT 00pa3oBa-
Hus1. Kto Ob1u 211 3yoHbIe Bpaun? OTKyna
oHu nosBsinchk? Kro ux rorosun? Uutepe-
CHEWIIUM BUAMTCS MOMEHT IOSIBJIECHUS
IITaTHBIX JOJIKHOCTEN CTOMATOJIOTOB, CO3/1a-
HMe CIlellMaJM3MPOBaHHBIX U TeM Oojee
nepeaBUXKHBIX KaOMHETOB (B BaroHax). Kak
KOOpAMHMpPOBaJach ¢ HUMU 3y0oBpaueOHast
MOMOILb Ha TEPPUTOPUSIX? XOPOIIO ObLIO ObI
CPaBHUTh U MOKa3aTh OCOOEHHOCTU «TpaH-
CIIOPTHOM MeIWLIMHBI». Eciiu B TTociienyro-
IIUX UCCIENOBaHUSIX MOAOOHbBIE aCMEKThI
OyayT OoTpaxkeHbl, 3TO, HECOMHEHHO, YBEJIM -
YUT UX HAyYHO-MPAKTUUYECKYIO0 3HAUYMMOCTh
B YCJIOBUSIX, KOra HabJI0maeTCsl pPUCK pas-
DYILIEHUS OTPACAEBBIX CUCTEM MEIUIIUHCKO-
ro obecrnevyeHus.
Koncrantun ITAIIIKOB,
3aBeaywomuii Kadeapoii ucTopuu
MeaunuHbl MOCKOBCKOI0O
rocyIapcTBEHHOT0 MeJIMKO-
CTOMATOJIOTHYECKOT0 YHUBEPCUTETA
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ABSTRACT

The author assesses the situation with transport
medicine in the Far East region in the early decades of the
twentieth century. The article provides an analysis of trends
in the organization of health care, statistics and historical
data describing medical assistance on the railways and
water transport. First of all the author refers to health and
socio-economic problems of dental practices in the period
of the Soviet regime in the eastern regions of the country
(1922-1927). The experience of those years to a certain
extent is projected onto the present time, offering own
formulas for «treatment» of stagnant social ailments, e. g.
whether departmental railway medicine is useful or harmful
to the population.

ENGLISH SUMMARY

Background. Medical care for the population in Russia
at the beginning of the XX century was carried out in the
framework of a complex system, when medical treatment
facilities were run by multiple ministries and agencies,
rural and urban municipalities, private, charitable and
public institutions. In particular, the Ministry of Railways
was charged with medical care and sanitary supervision
of the railways within the right of way, as well as sanitary
supervision on waterways [17].

Construction and operation of railways in the Far East,
however, stimulated the appearance of transport medicine
even before the emergence of territorial health service. At
the organization of the medical unit during the period of
construction of the Ussuri Railway (hereinafter-UssZhD)
in 1891, all of its employees, all ranks of railway police,
workers, members of their families and servants, as well as
those affected by accidents in the construction area, used
medical advice and treatment free of charge at the expense
of the road. [21] In 1910 appeared the medical service
of the Amur railway. [16] The report of a senior doctor
of a building of its eastern part (1912-1916) stated that
all patients receive «all possible medical and specialized
medical, hospital, ambulatory care» [2].

Objective. The objective of the author is to investigate
different aspects of dentistry organization in the early period
of the Soviet regime in the Far East region.

Methods. The author uses historical method, analysis
and description.

Results.

I

Doctors of the railway community paid attention to the
growing importance of social organization and delivery of
affordable dental care to the population of the country. The
agenda of the Il and IV Consultative Congresses of railway
physicians of Russian Railways, which took place in 1899
and 1911, staged topical issues on dentistry of workers and
employees of subordinate objects [15].

Issues of organization of dental care of railway
population, employees and their families were discussed
by the dental community of the country at the Il and Il All-
Russian dental congresses in 1899 and 1902. [14; 19].

In 1904 appeared a circular letter of Ministry of Internal
Affairs, allowing dentists on requests of local chiefs to take
supernumerary public office «where they would really be
required» and «where this measure would not require
any treasury costs’ [25]. Since that time, urban, rural and
departmental medical treatment facilities were able to hire
dentists, and their services were paid for by local funds [12].

The first specialists in the field of dentistry appeared
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in the Amur region in the late XIX — early XX centuries,
significantly later than in the European part of Russia.
They were graduates of dental schools of Central Russia,
Ukraine and even Poland [10; 12]. In 1911, in Harbin, which
was connected with the Far East by accessible transport
links a dental school was opened, the diplomas of which
were recognized in the Tsaristand then Soviet Russia [20].
Thus, the Russian Far East had sufficient human resources
of specialists in dentistry [11].

Anurgent need for organization of dental care forced to
establish in 1912 on the construction of the eastern part of
the Amur railway a non-staff, freelance position ofa dentist.
In Khabarovsk began a dental appointment for workers and
employees engaged in the construction, as well as their
families. This experience proved to be the best, because
itenabled to provide a qualified and free of charge medical
care to the patient, moreover, the production of dentures
at a fixed price was organized [10].

On the basis of historical data it was found thatin 1913
on Ussuriyskay railway appeared the first staff dentists [6].
This fact confirms a negative rather than a positive aspect,
since medical treatment of railway workers remained
inadequate, and most workers were still forced to be
treated by private doctors and paramedics.

By the beginning of World War I in the medical-sanitary
parts ofthe country’s railways operated 150 dental offices,
where worked about 100 dentists, and provision of dental
care amounted to 11% of all ambulatory visits [15].

In the 1920s in Soviet Russia global social reforms
of all aspects of people’s life were carried out, where
delivery of medical care occupied a special place. It was
declared that delivery of dental care was the responsibility
ofgovernmentand in the first place workers were provided
with it. However, the state had not always been able to fully
finance medical care and part of the problem lay on the
shoulders of local authorities and economic entities. In this
regard study of the model of the organization of dental care
inthe transport of the Far East and Trans-Baikal, as well as
economic, health and social problems that accompanied
itis of interest.

Since 1918, the country began to constructa «uniforms»
(state) medicine, controlled by the central government.
Within People’s Commissariat of Health of the Russian
soviet socialist federative republic (RSFSR) was created
Department of Railways with a large subdivision of rail
transport and small — water. This event can be considered,
on the one hand, as the loss of independence of railway
health service, on the other, on the contrary, as the
preservation of some of its autonomy, as there were
special road health departments and railway hospitals
and other medical treatment facilities with their staff were
retained [15].

In 1922 People’s Commissariat of Railways
(hereinafter - People’s Commissariat) was the only
civil office in Russia, which managed to organize its own
closed system of health care. There were a couple of
reasons of it. Firstly, infectious diseases could spread
on the railways, so it was necessary to create a special
sanitary inspection on transport. Secondly, the railway
often passed through areas where territorial network
of medical institutions was completely absent, so the
People’s Commissariat had to organize medical care
for their employees. Finally, as noted by the American
researcher K. Davis, in those years, the head of the
People’s Commissariat was F. E. Dzerzhinsky, and
his political weight facilitated the adoption of a policy



decision on the establishment of an autonomous network
of medical treatment facilities for railway workers [26].

Construction of the Soviet public health care systemin
the Far East was cut by civil war and foreign intervention.
Attempts to introduce universal health care system stalled
due to protracted warfare, economic and financial crisis,
as well as weakness of local authorities.

Since November 1921, in the region began a new
stage in the development of departmental health care asan
independent direction, but lack of funds did not allow fully
financing the medical service of railways. And then in April
1923 for the first time began talks about social insurance,
«social package» for workers and employees using the
funds ofan employer. The organization of insurance offices
was approved and road committee of social security was
elected. Prior to this, health insurance companies on the
railroad were not listed: a social security existed within
Administration of roads, reorganized from the former
pension committees [18]. Social insurance on transport
attracted significant additional funds to finance social,
including medical care for staff of transport networks of
the Far East.

Elimination of independent railway medicine and
creation of a unified Soviet medicine in the Far East once
again began on the 4" of June, 1923, when the head of
railway health care became Road Department of Health
(Dorzdrav) — an agency within People’s Commissariat of
Health. Previously, road medical service was headed by
medical-sanitary service that was a part of the management
of the road [24].

The main activities of authorities in the field of health
care in transport during the study period were aimed at
the abidance of all parties of departmental medicine by
uniform state health care management. Meanwhile, health
authorities lacked funds for organization of health care.
The financial base of rail and water health departments
also comprised of scarce resources — the regional budget,
insurance contributions and funds of economic organs
of the People’s Commissariat of Railways (People’s
Commissariat) for medicinal and economic services. In
fact, delivery of medical care, including dental, was carried
outat the expense of medical fund of insurance offices and
to a lesser extent — funds of railway administration.

Thus, financing of medical and health affairs in the
Far East transport in the early 1920’s was carried out not
by Soviet health authorities, which lacked the necessary
resources, but by administration of enterprises, which paid
premiums, and insurance offices, which accumulated funds
of social security.

Chiefs of railways and insurance authorities tried to
maintain and even strengthen their role and influence in
the management of medical affairs that did not suit the
new government. However, because of its weakness and
instability, the Soviet government was forced to make
concessions and agree to the collective management of
transport health care. This led to the creation of councils by
health departments with participation of representational
bodies of the management of roads, unions, insurance
companies, union of transport workers. These councils
considered and made decisions on fundamental issues of
health care organization. Moreover, at the local level at all
medical treatment facilities administrative meetings were
organized that in addition to economic issues addressed
issues of management of the agency, social selection of
patients.

It is believed that councils by health departments as
well as general and administrative meetings at hospitals
had the opportunity to have a significant impact on the
organization of medical care on the road and ensuring
workers’ requests. They controlled transferring premiums
to a health department, being interested in their correctand

rational use, the meaning of their activities is reflected in the
classic slogan of the time: «Health of workers is a matter of
the workers themselves».

Number of employees on the Ussuri Railway and
subsidiary companies, insured by Road Insurance Fund by
1923 was 13031 people, and with their families — 45609
[8]. According to the Insurance Office of Trans-Baikal
Railway (hereinafter-ZabZhD), the number of insured
workers and employees reached 13754 people, and with
their families — 55016 [7]. At the same time it was noted
that almost 70% of the railway population suffered from
dental diseases [8].

Of particular interest is a summary of the health and
welfare survey of children and adolescents working on
UssZhD conducted in 1924-1925. It was found that 40%
oflearners had underweight, 19% — enlarged lymph nodes
[12]. Of the surveyed 645 adolescents- transport workers
only 151 (23%) people regularly cared for teeth, 180
(28%) people regularly used bath, only 198(31%) people
changed linen regularly. [3]. Thus, the problem of poor
dental health was a part of a general problem of poverty,
a complex epidemiological situation, bad sanitary living
conditions and malnutrition.

By the time of the establishment of Soviet power
in the Far East and Trans-Baikal dental office of Trans-
Baikal railway (ZabZhD) had only three rooms at stations
Verkhneudinsk, Chita-1, Chita city, which was considered
manifestly inadequate because a vast area east of Chita
was not serviced [7].

On the Ussuri Railway dental care was provided by
four fixed and two mobile dental rooms mounted on
rail cars plying in the area of the most populated areas:
Pervaya Rechka, Nikolsk- Ussurisk, Muravyev-Amursky,
Khabarovsk, Obluch’e, Bochkarevo. Organization of a
mobile model of dental care was initiated even before
the establishment of the Soviet power. It should be noted
that the mobile dental rooms- cars were in charge of
administration of roads and were dental rooms, equipped
with all modern rules of the art that served the entire rail
line. According to the plan for 1924 it was supposed to
equip and launch another mobile dental room, but such
plans were abandoned due to the fact that the road had
found it impossible to provide cars for dental care free of
charge [8]. Economic interests of production, alas, always
prevailed over health.

Dental care was provided by the criterion of recurrence.
According to the analysis of archival materials [4], more
than half of all visits were for children and adolescents
aged 0 to 20 years — 57,5%, which can be explained by
a high prevalence of dental caries in this age group and
the need for treatment to prevent complications of caries
and thus prevent the loss of teeth. In the age group 20-50
years — 35,5%, which is explained by the prevalence of
complicated forms of caries and periodontal disease
manifestations in this age and, as a consequence, the
high demand for surgical treatments. At the age of 50
years and older — only 7%, that can be attributed to the
predominance of edentulous in this age. Dentistry for
railway workers included treatment and filling of teeth, but
clear standards of care had not been established. Denture
treatment at first was absent due to lack of funds, however,
taking into account the urgent need for such assistance,
and taking into account the financial insecurity of railway
workers, transport managers had taken steps to provide
them with dental services by grants from the enterprise,
as well as prescribed grant of benefits for dentures. [9] To
get dentures, transport workers had to be examined by
medical control commission (MCC) for the presence of
functional indications, and then the question was decided
at the council of dorzdrav, in the first place «teeth» were
given to worker of hard physical labor, in the second — to
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employees, and only then, and to members of families [7].

The Councils of Road and Water Health care had to
make decisions about workers’ compensation of costs for
denture treatment, which was carried out beyond transport
medical treatment facilities, as well as from private
practitioners, but not always the decision was made in favor
ofthe employee, the denial of compensation for treatment
could occur due to poor prognosis of the disease [5].

1.

In 1928, dentists of UssZhD performed 8842 initial
consultation, of which 3676 were employees of the
railway, 5166 — members of the families. 32686 visits
were registered, treatment of 7838 teeth were completed.
As filling materials were used phosphate and silicate
cement, amalgam. 4167 teeth were removed and 326
small surgeries were executed. Procedures for removal
of dental plaque were conducted for 1013 people. [6].
In fact, more than half of treatment outcomes resulted
in loss of a tooth, which was due to, on the one hand,
the imperfection of methods of treatment and poor
state of teeth (more than half of the extracted teeth
were completely destroyed and there were registered
by dentists as «radix» (root). On the other — inadequate
supply of medicines and materials, often less than 50%
of the real needs [7].

Already by 1926 greatly increased the potential
of dental services of Trans-Baikal and the Far Eastern
regions. Trans-Baikal dorzdrav organized work of 12
dental rooms at the stations: Verkhneudinsk, Khillock,
Chita, Shilka, Mogocha, Erofei Paviovich, Skovorodino,
Olovyannaya [22]. Ussuri dorzdrav had 9 dental rooms
(14 seats) at major train stations. Medical staff increased
(from 11 people in 1925to 14 people in 1926), the number
of visits grew — to 55, 2 thousand, of which initial - 15,3
thousand., sanitized — 11331 people. On-site system of
delivery of dental care to remote areas was developed
giving transport workers an opportunity not to tear away
from their daily professional activities to make a trip to
major centers.

Despite the high quantitative indicators of people
applied for dental care, this type of aid was only 6% of all
ambulatory visits, covering no more than 10% of the total
population of the railway. [4]

Specialized aid was provided in dentoprosthetic
workshop of dorzdravin Khabarovsk and under contracts
in similar areas of Vladivostok okrzdrav and private
technician in Ussurijsk- Nikolsk. In the departmental
workshop of a seaside center in 1926467 dentures were
made.

By 1927, the transport dental service of the RSFSR
had been considerably strengthened and expanded.
The staff of railways included 659 dentists, representing
19% of all dentists of the republic. Service on the railway
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attracted doctors with regular salary and additional social
guarantees. In rail transport, operated 666 dental clinics
and offices, and the provision of dental chairs was 0, 14 per
1000 population of railways, which was significantly higher
than republican values (0,03 per 1000 people.). The total
number of visits by transport worker was 3300, representing
about 23% of all requests for delivery of qualified dental
care in the RSFSR [23]. The health department of rail and
water transport of the Far Eastern Territory had 38 dental
offices in which there were 38 dentists [13], the availability
of dental chairs for fixed population was 0,18 per 1000
people on Trans-Baikal railway and 1,19 per 1000 people
on Ussury railway which was higher than nationwide figures.

However, it was not able to provide affordable and
qualitative medical care for all transport workers and their
families [1]. Numerous complaints and comments on
the work of dorvozdravs were discussed by the councils
at health departments. Representatives of transport
organizations noted that «the masses have become
more demanding» and were dissatisfied with the quality
of rendered diagnostic and therapeutic measures, and
asked the health authorities to remove all comments and
improve the quality of medical care [18].

Conclusions. The Soviet regime in the early 1920s,
treated the organization of health care of transport
workers with all seriousness and thoroughness. This
was due to, on the one hand, the strategic importance of
transport, ensuring its smooth operation, improvement
of productivity, reduction of morbidity rate and loss of
working time due to temporary incapacity for work,
and on the other hand, the provision of privileges and
preferences for workers in exchange for their loyalty to
the new government.

In transport sector, attempts were made to carry out
the basic principles of Soviet medicine: the lack of direct
payments for patients, accessibility and qualification.
This was generally achieved through uniformity of railway
population, social insurance, but issues on financing of
denture treatment remained unsolved.

Lack of dental and denture care in public network
of medical treatment facilities replenished with services
of private practitioners who were given a right to work
legally due to the introduction in 1922 of New Economic
Policy (NEP). Services of private physicians were used
by health authorities, involving doctors on a contractual
basis to medical care ofthe population, and that part of the
population that was deprived of the opportunity to enjoy
benefits of territorial or departmental medicine.

The total deficit of financing of public health at the
ban on fundraising from the public, as well as a significant
increase in demand for dental care, forced health
authorities to apply a more pragmatic approach to the
choice of means and methods of treatment.
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INSTEAD OF RESUME

n attempt to collect and analyze the data

on origins and evolution of transport health

are merits very close attention because of

low level of knowledge in the chapter of the medical

history. The topic is of importance, necessity and
interest.

Nevertheless the title of the article can cause
some questions, why does it concern transport
dentistry? It issure that river transport is considered
in general context but rail transport prevails.
Whether the term transport medicine is correct
referring to the article? It is well known that the
word transport came into the glossaries later than
the considered period.

It seems necessary to more clearly divide social,
economic, organization aspects, sickness rates and
treatment results. Statistical data based on
voluminous archive materials merits more
systematization that should increase generalization
and value of the text.

The fact of wide consideration of archive data
should be well estimated but the rich contents
there-of should have permitted to use other
information besides statistical one, to go beyond
railways. How were dental services organized at
the ships? How was the training process of dentists
organized? Who were those doctors? It is of great
interest to know when dentists became staff
members, when first railway stomatology cabinets
were organized, when first mobile (in rail cars)
stomatology’s cabinets appeared.

If forthcoming researches will consider those
aspects than they will have scientific and practical
importance especially under the current conditions
when there is a risk of destroying of specific systems
of health care in some economic sectors.

Constantine PASHKOV,

head of the department of the history of
medicine of Moscow state medical
stomatological university
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B Hacrosinee Bpemsi, KOrjia Bce HHTEPECYIOTCS
3THM BONPOCOM, Oy/1eT HEJIMIITHIM IPUIIOMHHUTH €10
HAYAJI0 /I, TOBOPS TOYHEE, €10 HAYAJILHYIO JITe-
parypy. Mbl BOCIOJIb3yeMCsI 15l 3TOTO M3BECTHBIM
counnennem @. Xoxirerrepa 00 A3um, BbIIeI-
umM B 1876 roxy, muTupys U3 Hero clieayrouime
CO00pazKeH s,

MOMPCKO-CpeHea3uaTcKasl JMHUS
« 10 pyccKoii JIKyHrapuu K IlIaBHOMY

ropoay TypkecTaHa KaxeTcs MHE
HMMEIOILEI0 HECpaBHEHHO OO0JIblliee 3HaUeHUE,
4yeM Kakas-JIn0o Ipyras U3 BCex J0ceJe Mpo-
€KTHPOBAHHBIX CpeTHEa3UaTCKUX IMHUIA. Ecn
MBI ce0Oe TIPeACTaBUM, YTO TTOCTPOEHa JI0pora
ot CeMunasatruHcka K TallkeHTy U aajee
Ha CaMapKaH]I, 1 YTO TaKXe MPUBEACH B UC-
MOJIHEHUE TPOEKT KaBKa3CKO-IEePCUACKON
JKeJie3Hoi moporu K TerepaHy v oTTyaa Jinbo
uyepe3 Melxen, MaiimeHe u bainx, 1160 yepe3
Meuxen, Meps, byxapy Takke kK CamapkaHay
u TaukeHTy (B CYILIHOCTH, TIPOIOJIKEHUE JIU -
Huu IToru—baky ot KpacHoBoacka Ha Ka-
CIMIICKOM MOpe uepe3 XuBy K TallkeHTy Win
Pemir—Terepan—Memxen—CamapkaHn),
TO PYCCKHME MMeJIM Obl KPYroByio mopory: Mo-
ckBa, Bnanukaskas, TaBpus, Terepan, Taii-
keHT, BepHblii, CemunanatuHck, ExatepuH-
6ypr, MockBa, MOJIMTUYECKOE U KOMMEPUYECKOe
3HaYeHME KOTOPOI1 U BIIMSTHUE Ha YKPETUIeHHE
MoryiectBa Poccuu B A3uu efBa Jiu MOXKET
OBITh B JOCTAaTOYHOM CTEIIEHU OLICHEHO.

DTa eBpoIeiicKo-a3uarckasi KpyroBas
nopora npotsikeHueM oT 1200 1o 1400 reor-
paduueckux muib (8400—9800 BepcTt), ueT-
BepTast YaCTb KOTOPOIi TeNepb yXe IMOCTPoeHa,
OXBaTuJia Obl BCIO CTEIMHYIO 00JacTh Apajio-
Kacnuiickoit HusMeHHocTu. Mocksa u Tani-
KkeHT, ExatepunOypr u TerepaH nexanu Obl
Ha Hell TOYTH OIMH MTPOTUB IPYTOTO B KOHEY -
HBIX TOYKAX TMaMETPOB (IJIMHOIO KaXKIbIi
o 450 reorp. MuJjb), AeASIIUX BCIO 00J1aCTh
Ha 4, MpUOJU3UTEbHO PaBHBIX, YETBEPTHU
OKpPY>XHOCTH, 0KoJ10 300 Mmunb kaxxnas. K Heit
MOIJIM ObI TPUMKHYTh CHapyXXu U U3HYTPU
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MPECC-APXUB

XEJIESHOA0POXXHbIU BOMNPOC
CPEOAHEUN N MAJIOUN ASUA

ASIEN,

ZUKUNFTSBAHNEN

KOHLENSCHATZE.

B pallaJIbHbIX HAMIPABJIEHUSIX OOKOBbBIE BETBU,
KaK MIPUTOKMU K [JIAaBHOM peKe.

Hu B Kakoit nHOI MECTHOCTHM 3éMHOTO 111apa
€CTECTBEHHBIE YCJIOBUS HE YKA3bIBAIOT B TAKOU
CTEIMEeHU caMU COO0I0 Ha HEOOXOAUMOCTb ITOA00-
HOM KoJbLieBoi noporu. Hrukakoe nHoe nepece-
YeHue CTernel U MmycThiHb Apao-Kacnuiickoit
HU3UHBI HE OY[IET, 0 MOEMY MHEHUIO, BEPHBIM
PpelleHreM 3a1a4M YCTPOIMCTBA IyTei COOOLLEHUST
B 9TUX CTPaHAX HUA B TEXHUYECKOM, HU B TOJIU-
TUYECKOM OTHOLIEHUHU. BepHbIM pelieHrem
OyIeT IILb OMOSICBIBAHKE STUX CTPAH KPYTOBOIO
JTIOPOTOI0, K KOTOPOV MPUMKHYT PAIAAIBHO UC-
XO[SALIYE OOKOBbIE TUHUU.

K rmaBHBIM CTaHUUAM IOTO-BOCTOYHOTO
MOJTyKpyTa 3TOoi OymIylueil TMHUM MOIXOIST BCe
BHYTPEHHE-a3UaTCKHe KapaBaHHbIE JOPOTU
U ITyTU COOOIIEHNS, BOPOTaMU KOTOpbIX Ha Mp-
1o, M u Ceip-apblo yke 3aBiaaes Kasak,
a B CEBEPO-3aaJHOM IOJYKPYTe YK€ MPOTSIHY-
Jick inanm ot Openoypra, Caparosa u Lapu-
LIbIHA, KaK MAJTbLbI PYKH, TAAOHb KOTOPOM JIEXUT
B Mockse. Bpsizi i MOXXHO COMHEBAThLCS B TOM,
YTO BO3BEIEHUE 3TOM KPYTOBOI JOPOrY HEOCTIO-
PYIMO JOJKHO OTAATh B pyKu Poccuu MoHoOIo-
JII0 BHYTPEHHE-a3UaTCKOU TOPTOBIU U YIIPO-
YUTb MOJHOE €€ TOCMOACTBO B A3UU.

Her HanoOGHOCTM 10Ka3bIBaTh, KAKOE Upe3-
BbIYAITHOE CTPATErMYeCKOe 3HAYeHUE UMesia Obl
s Poccun Takas mosicHast 1opora B CMBICIIE
TEPeIBVKEHUS €€ BOMCK B TeX WM MHBIX HAITPAB-
JIEHUSIX K YTPOXKAEMbIM ITOTPAHUYHBIM ITYHKTaM
U B CMBICJIE MOAYU Ty[Ia BOMCKOBBIX YacTen
B JII00OO€ BpeMs W3 CPEAUHBI TOCYIapCTBa WIU



¢ KaBkaza. Pycckuie Morim Obl B TAKOM ClTydae
CITOKOITHO OKMIATh TOTO BpeMEeH!, Koraa OymyT
3aKOHUYEHBI MUPOBBIC JIMHUM, KOTOPbIE, HAUl-
HasICh ¢ OIHOM CTOPOHBI Y Tuxoro okeaHa 0113
[Ianxas, a ¢ npyroit y ycTheB laHra, mpoiimyT
yepes Becb Kuraii u THauto v coiimyTest B LIEHTpe
EBporbl. O0e ATMHUM TOJKHBI MPUMBIKATh, KaK
KacaTeJIbHbIe, K PYCCKOM OKPYXKHOU J0pore
U Ipo0eraTh 10 Heli Ha HEKOTOPOM IMPOTSLKEHU .
Toukoro conprKoCHOBEHMSI 151 CEBEPHOI Kaca-
TEJIbHOI MOT ObI ObITh CeMUNanaTuHCK, IS
I0XKHOIT — mpoTsikeHus1 Mexay [lemaBepom
u banxom n mexxny [IukaprypoM u Menixenom.
FOro-BocTOUHBIN TTOYKPYT 3TOM TOSICHOI J0-
pOTH TIOJTY4YIJT OBbI B 3TOM CJTyJae 3HaYeHHe Coe-
JMMHUATEJILHOTO 3BE€HA, MIYIIEro C ceBepa Ha Ior
MEXIy OyIylIMMM KUTalCKO-EBPOITeICKUMU
U1 MHIO-EBPOIEHCKIMU TPAaH3UTHHIMU IMHUSIMMU.

Yto pycckas moauTruka B A3un npecienayeT
1IeJT1, KOTOPBIE MOTYT Y JTOJIKHBI TIPUBECTU 3TU
WOEU K OCYIIECTBICHUIO — 3TO SICHO BCSIKOMY,
KTO BHHUMATEJILHO, C KapTOl0 B pyKaX, CJACTUT
32 COOBITHSIMM.

[Iar 3a marom, He TTPOM3BOAS OOJIBIIOTO
mryma, Poccust, crpeMuBiasicst mpeskae K Yep-
HoMmy Mopio 1 bocdopy, moBepHysa 60eByIO
JIMHUIO CBOEH MOJIUTUKH, T. €. CBOM CTPATErn-
YeCcKue HacTymnaTeJbHbIe TOPOrH, Ha BOCTOK.
Ha eBpomneiickoii ntuauu Poccust BetpeTunach
C COJIMIAPHBIMY MHTEPECAMU €BPOIIEUCKOMN
MOJIUTUKU caMocoxpaHeHusl. Bee ee ctpemiie-
HUS 10cTUTHYTH KOHCTaHTHHOMOJIS, BCE BOII-
Hbl Ha [lyHae n bankaHax ocraiauch GecIiion-
HbBIMU yernsiMu. KpbIMcKast BoitHa yHUYTO-
JKWJIa TUTaHbl uMmeparopa Hukomas otHocu-
TEeJbHO TOCHOACTBA HajJ CTpaHaMWu,
npuieratommmu K YepHomy Mopiro. Ho 3aro
MECTO 3THUX ILJIAHOB 3aHsJ1 APYIroy IL1aH, IUlaH
HEeCpaBHEHHO OOJIbIIIErO 3HAYeHUsI, TIPU OCY-
IIECTBICHUH KOTOPOTO COBOKYITHOE IIPOTUBO-
neiictBue EBporbl Kak Obl MCKIIOYAETCS —
IJIaH OBJIAJICHUS CTpaHAMU U TTIOTpaHUYHBIMU
obnactamu Apano-Kacnuiickoii HU3MEeHHO-
ctu. [1epBolii 1Iar K 3TOMY OBLI C/IeJIaH TTOKO-
penuem Kapka3za, BTOpoil — mo0eJoOHOCHBIM
LLIeCTBUEM pyccKoro opyxus B CpenHeii A3uu,
T. €. B TypkectaHe u JI>KyHTapuu.

Pycckoe BnaapluecTBO MPOCTEPIOCH
ot [Totn Ha YepHoM Mope 10 oTHsATOM y KnTas
Wnu-Kynsmxku, ot orporos KaBkasa 10 oTpo-
roB TaHb-11laHs, 1 ceBepHBIIT KOIOCC C HEO-
NOJIMMOM CUJIOM HAIIMPAET Ha 10T MOCPEACT-
BOM CBOMX KaBKa3CKMX M CpeaHea3MaTCKUX
JIMHUI, yTposKas Ha 3amane Typuuu, B Cpenu-

He — Ilepcuu, Ha BOCTOKE — CpeIHe-a3uat-
CKMM XaHCTBaM, OyIy4Yd BCerga TOTOBBIM
TMOCPEICTBOM HOBOTO CMEJIOTO yiapa BhIIBU-
HYTb BIIepel CBOIO I0XKHYIO I'paHUILy IO Ha-
MPaBJICHUIO K OOBETIIABIIMM B CBOUX OCHO-
BaX, CTaperoIIUM MCIAMUTCKUM TOCyIapCT-
BaM. KTo ke OymeT B COCTOSIHUY OCTAaHOBUTh
3TO MOYTU C CTUXMIHOIO CHUJIOI0 COBEpIIIaiO-
1eecs HacTyrieHue?!

Hu ocmaHckoe, HU MepCUICKOe 11apCTBa,
HU Jaxe 00a BMeCTe He TOCTaTOUHO CHMJIbHBI,
YTOOBI ITPOTUBOCTOSIThL OITacHOCTH. CyIIIeCTBY-
eT JIMIIb OHA CWJa, MOTYIlasl MPsSMO 1 KOC-
BEHHO MpOTHBOAEKCTBOBaThL Poccuu u mo-
JKEHCTBYIOIIIAsI palyd CBOUX COOCTBEHHBIX MH-
TEPECOB OCTAHOBUTH €€ B CTPEMJICHUH Ha 10T —
9T0 AHrnug. laBHO yXe OpUTAHCKUIA JIEB,
TOKa3aBIINI pyccKoMy MeaBeaio B KpbiMcKoii
BOIHE CBOM OCTpHIe 3yObl 1 MPeObIBAIOIINI
C TeX IIOp B MIOKOE, OCTaBUJI CBOEMY COTIEPHU -
Ky JaJIbHeIIIee 1oJie IeHCTBUS Ha BOCTOK. YKe
JMABHO PYCCKOE M aHTJIMICKOE BIUSHUS OOPIOT-
csl MEXIy COOOI JIUIIb TUILIOMAaTUIECKUMU
MyTSMU Ha IIpocTpaHCcTBe Mexkny Kacrnuiickoro
BraguHoii u INepcuackum 3anuBom. Ecnu
He BCe IMPU3HAKU OOMaHBIBAIOT, TO JEJI0 UIET
K 0opnOe. Kaxaplii qanbHemii mar K 1ory
co ctopoHbl Poccun, Oyab OH HaTlpaBIIeH ITPo-
TUB IEPCUICKOro AzepOaiiakaHa Uau IPOTUB
byxapsl, 1omkKeH HaATU U HalineT AHIINIO
TOTOBOIO K MIPOTUBOIECHCTBUIO.

Temeppb, Korma pycckue yxe yKpenuiuch
B IOJMHE ATpeKa, KaXeTcs, IIO3IHO OCIapy-
BaTh Y HUX BJIACTh HaJ 00JaCTSIMM, IIPUMbIKA-
OIUMU K 10kHOMY Oepery Kacmnuiickoro
Mopst; Ho Ha [Tepcuackom 3anuBe, OpMy3cKoM
nposiuBe, ApaBuiickom Mope U MHauiickom
OKeaHe AHIJIUS CyMeeT COXPaHUTh CBOIO BIaCTh
CTOJIb XK€ 0e3ycsIoBHO, KaK B Cpean3eMHOM
Mope u bab-316-Manneockom nponuse. [ep-
BBIM ITOATBEPKIECHUEM 3TOMY OYIeT BCTYILIC-
Hue aHrmyaH B benymxkucran u 3anarue Ke-
JlaTa—Mepa, KOTopasi, KaKeTcs, Y>Ke TTOATOTOB-
JIIeTCSI ¥ KOTOPasI IO ITPEUIOTOM OTPazkKIeHUS
OpuTaHcKoM MHauM OT HaMmaaeHM I XUIITHUYe-
CKUX IIJIEMEH OyleT HarpaBieHa B IeHCTBU-
TEJIbHOCTU HE MPOTUB HEIIOKOPHOIO XaHa,
a mpotuB Poccun.

AHTIMS BCTynuia B 60pbuOy IS TOTrO, 4TO-
ObI B BULy Poccum ycTaHOBUTH CBOE MOTYILIE-
CTBO B A31UM Ha 0o0Jjiee IUPOKUX U BEPHBIX
ocHoBax. CTOJIKHOBEHHUE ABYX MOTYIIICCTBEH-
HEUIIMX TOCyIapCTB, CIIOCOOHOE MOTPSICTU
LeJIbIA MUpP, HaIBUTAETCS C CeBepa 1 Iora Haj
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CpenHelo A3ueii, Kak cTpalllHasl rpo30Bas
Ty4ya. Ho, MoXeT OBbITb, MBI JOXUBEM €l
(HameeMcsI, TIO KpaiiHeil Mepe, Ha 3T0) U 110 TO-
ro BpeMEHH, KOTIa YBUAUM, YTO BMECTO OOpb-
Obl Ha XHU3Hb U CMEPTh TYUYU pacCeroTcs,
¥ AHIIMS B coto3e ¢ Poccueii OymyT mpuBOIUTD
B HCIIOJIHEHUE UX MCTOPUUYECKU MHUPOBYIO
MMCCHIO TIOMHSTUS UCTIOPYEHHBIX JSCIIOTU3-
MOM M TIOTPSI3IIMX B CyeBEPUU BOCTOUHBIX
HapOIOB U MPU3BaHMS K HOBOM 3KU3HU UCIIO-
BEIbIBAIOIINX MCJIaM T'OCYIapCTB — MMCCHIO,
KOTOPYIO AHTJIUS YK€ BBIITOJTHIJIA B COCEMHE
WHnnu criocobom, CToNIb JOCTOMHBIM yIVBIIC-
Hus, a Poccus Havana ¢ TakuMuy HanexkaaMu
Ha ycriex B CpemHeid A3um.

A31d Bce-TaKM ellie JOCTaTOYHO OOLIMpPHA
JUTSI YECTOTIO0MSI, MTHTEPECOB U BJIUSTHUST 000MX
BEJINKUX TOCYAapCTB, U eciu Poccust 1 AHTIAS
paspeliaT BOCTOYHbIMA BONPOC HA a3UMaTCKOU
TOYBe, TO caM CO0O0IO Pa3BSIKETCS U €BPOIIeii-

JINTEPATYPA

1. Hochstetter, F. V. Asien, seine Zukunftsbahnen und
seine Kohlenschatze: Eine geographische Studie: mit 1
Karte / von Ferdinand von Hochstetter, E V. Hochstetter. —

CKWI1 TOPAUEB y3e/1, U IPUTOM TaKHUM CITOCO-
0O0M, P KOTOPOM OYAYT MPUHSTHI B COOOpa-
JKEHUE MHTEPECHl U TeX CPEeTHE-EBPOMEUCKUX
roCylapcTB, KOTOPbIE HAXOMSTCS BIAIU
OT CpeJIHe-a3uaTCKO apeHbl.

Ho toria HacTynuT BpeMsi, KOraa He TOJIbKO
pyccKasl KpyroBasi I0pora, HO U aHIJIMHCKast
EBdparckasa u mexxnyHaponHasi EBponeiicko-
Wuauiickas TpaH3UTHASI IMHUM CBSDKYT A3UIO
¢ EBporoii».

Takum obpazom mo, umo npednonsazaemcs
U cosepuiaemcs 8 Hauiu OHU 1O BONPOCY 0 JHCeNE3HbIX
dopoeax 6 Cpedneii u Manoii A3uu, 6110 npedsude-
Ho 24 200a momy Hazad. IIpedckazarue 5mo — 8bi-
600 2e0n0e0-2eoepagha, HO emy NOGUHYIOMCS ce,
uMeroujue cuny, Kak Ovl yenexaemoie poKom.

(Kene3nonopokHOE €10, —
1900. —Ne 13. — C. 137—-138)
N3 donnos Hayuno-TexHuyecKoii
ouomorekn MUUT @

Kntouesbie cioBa: uctopus, CpeaHssi Aausi, xenesHole goporu, @. Xoxwrerrep.

Alfred Holder K. K. Hof- und Universitats-Buchhandler,
1876. — Lang: ger.

Pepnaxuust 6narogaput cotpyaHukoB HTB MUWT 3a okazaHHOe coaericTBue B 1o4roToBKe Matepuana.

ABSTRACT

The article that follows is reproduced from
the journal Railway Affairs of 1900. The unknown
author of the article written in the period of intensive
construction of railways in Central Asia desired
to show the prehistory of the topic and made a
review of a work «Asien: seine Zukunftsbahnen und
Kohlensch tze» written by Christian Gottlieb Ferdinand
Ritter von Hochstetter (April 30, 1829 — July 18, 1884),
a prominent German geologist and published in Wien
in 1876, concerning the issues of construction of
railways in the regions of Central Asia and Asia Minor.

ENGLISH SUMMARY

Von Hochstetter argued that Siberian-Central
Asian railway passing by Dzungaria to main city of
Turkestan had more importance than any other

REFERENCES

1. Railway Affairs [Zheleznodorozhnoe delo], 1900,
Iss.13, pp.137—138.

2. Hochstetter, F. V. Asien, seine Zukunftsbahnen und
seine Kohlenschatze: Eine geographische Studie: mit 1

RAILWAY ISSUE OF CENTRAL ASIA AND MINOR ASIA

Central Asian railroads. If some other projects
should have also been realized (Semipalatinsk —
Tashkent — Samarkand; Caucasian — Persian railway
to Teheran; from Teheran via Meshed and Balkh or
via Mashed, Merw [now Mary — ed.note] and Bukhara
to Samarkand and Tashkent) then Russia would
have had a round railway: Moscow, Vladikavkaz,
Tabriz, Tashkent, Verny [Bishkek], Semipalatinsk,
Ekaterinburg, Moscow of greatest political and
commercial importance. That European and Asian
round railroad would have had a length of 1200-1400
geographic miles (a fourth part of it had already been
built). And it could have the external and internal
radial branches as tributaries of a great river. Any
other location in the world so clearly predetermines
a necessity of a round rail system.

Key words: history, railways, Central Asia, F. von Hochstetter.

Karte / von Ferdinand von Hochstetter, E V. Hochstetter. —:

Alfred Holder K. K. Hof- und Universitats-Buchhandler,

1876. — Lang: ger.

The material for the article is reproduced from the journal Railway Affairs of 1900 from the collection of
the Scientific and technical library of MIIT University. Our Journal expresses sincere gratitude to the staff of
the Library for their kind cooperation in preparing of the article.
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AHCIIOPT

lopuu B. C., MaxapeB 3. U.,
MepcunaHos B. A., CtenaHoB A. A.,
Cypukos P. T. llpogaxa ycnyr:
naccaxupckuii TpaHcnopT: YaebHoe
nocob6ue. — M.: CtyaeHT, 2014. — 423 c.

MpeaHa3HayeHHas B nepBylo oyepeab
CTyAeHTaM BbICLUNX y4eOHbIX 3aBeAeHWU,

3Ta KHUra coAep)xuT ocHoBoroarawLwmne

M cucTemMaTu3npoBaHHbIe maTepuabl

no npob6aemam opraHu3aunmn NPoAax ycayr

M ynpaBsieHUs PbIHKOM MaccaXupCcKnx nepeso30K.
B Hei npeacTaBsieHbl BCe BUAbI HA3€MHOro,
BO34YyLIHOIO N BOAHOIO TpaHcropTa, v ux
KoMMep4YecKasi AesiTe/iIbHOCTb paccMaTpuBaeTcs
B KOHTE@KCTe CeTeBbIX 3/1eKTPOHHbIX
KOMMYHUKaLNA, MHOroacrneKTHON KOHKYPEeHTHOM
cpeAbl, MapKeTUHIrOBbIX TeXHOMOru. CTpykTypa
y4e6Horo nocobusi otseyaeT npPorpamMmHbIM
HanpassieHusiM Kypca «MeHea)XMeHT»
(6akanaBpumar), BKlO4aeT KOHTPOJIbHbIE
BOIMPOCHI N0 Ka)XK A0 n3 oANHHaALaTH rnas,
Tabnuubl U NIIOCTPaLUN, MOMoraioLme
packpbITUiO TeMbl. BakHoe mecTo oTBe4eHO
aBTopamMu HOPMaTUBHO-NPaBoOBOMY (B TOM Yyucie
MeXxayHapoaHoMYy) obecre4eHunio OTHOLLEeHNI
npopaasLoOB y NnoTpebuTeseii TPaAHCMOPTHbIX
ycnyr, KINeHTOOPUEeHTUPOBAHHOCTH B MNOJINTUKE
naccaxupckux KOMnaHuin.

Knro4eBbie cnoBa: naccaxupCckuni TpaHcnopT,
npoaaxa ycsyr, MEHEAXMEHT, MapKeTUHI, Tapusbl,
BJIEKTPOHHAsi KOMMeEPUUSI, 3JIEKTPOHHBIE M1aTEXH,
PbIHOK, KOHKYPEHLMS, BbICLLas Lkoa, bakanaBpuar,
y4yebHas nporpamMma.
|
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KH/XHAA JIOUWA

NMpUHUUNbI COXPaAHAIOTCA —
cpencTBa MeHAI0TCS

JII000TO TIperoaBaTessi BCerna ecThb

CBOI B3MJISII HA TIPEAMET, yueOHbIe

TMUCIUTIIMHBI, 33/1a91 1 0COOCHHOCTHU
oOpazoBaTeNbHbIX TeXHOIOTHi. U TTosiBneHre
HOBOTO y4eOHUKa, TTOCOOUSI — 3TO, ECTECTBEH-
HO, JINIITHUH TTOBOJI, YTOOBI CHOBA TIEPETIPO-
BEPUTH YK€ 3aHSThIe paHee MO3UIIMU, HAUTH
corjacue/Hecoryiacue ¢ KAKUMU-TO aKTyalTb-
HBIMU MBICTISIMU KOJUTET. C 3TO# TOUKY 3peHUsT
OLIEHMBAsI BBHINIENIIYIO pabOTy KOJUIEKTUBA
aBTOPOB, PEIEH3EHT HE MOXET HE 3aMETUTh
TpeXie BCEro MOMYEPKHYTO COBPEMEHHYIO
TPaKTOBKY B O0LIIEM-TO CTapOAaBHEN Mpoodiie-
MaTWKU: CUCTEMa TMPOJaXu OUJIETOB macca-
JKUpaM, OTIpeieSIeHHbIE OTHOIICHUST BJIaIe/Tb-
11a TpaHCTIOPTa U «CEeA0Ka» CYIIECTBYIOT
He TiepBbIif BeK. Ho TeM He MeHee SIBHO MHOM
Terepb Mepel HAMU PHIHOK YCITYT, MHAsT aBua-
LIMOHHAsI, aBTOMOOWIbHAST, JKeJIE3HOIOPOXK-
Hasl, Cy/IoBasi TEXHUKA, NHbIE CKOPOCTH TIepe-
MEIIEHUS IO KOHTUHEHTaM, WHOI KaCcCOBBIT
U BOK3aJIbHBII aHTypax!

To ecTb 51 0 TOM, YTO OUYEHb BaKHO COB-
IMacTh CO BpeMeHeM, «II0TacTh B TOHAJIb-
HocTh». Korma aTo 4yBCTByeTCS, TIpoOIIe
YBUJIETh U OCTaJIbHBIE JIOCTOMHCTBA 00yJaro-
el KHUTY, BBIBECTU WX U3 TCHU.

OnHUM 13 HECOMHEHHBIX JOCTOMHCTB
y4eOHOro rnmocooust sIBAsSIETCSl, B YACTHOCTHU,
M3MEHEHUE TIOJIX0/1a K TPAKTOBKE OCHOBHBIX
TIOHSITUI, XapaKTEPUIYIOLITNX TIPEAMET U3yde-
HUS, a UMEHHO, CUCTeMY TIPOJaXU yCJIyT
Ha PbIHKE TTACCaXXMPCKUX MEePEBO3OK.

TepMuH «Ipojaxa yciayr» MpejiaraeTcs
YIOTPEeOIATh BMECTO TEPMUHA «MIPOAaKa
OWIIETOB», TIOAPa3yMeBast MOl HUM OT/IeJIbHbII
BUI paboThl. KoppekTupoBka MHE TIpecTaB-
JISIETCSI TPAMOTHOM U TIPABOMEPHOIA, TOCKOJTb-
Ky Mpojiaxka OUIeToB — 3TO CTaThsl PACXOJOB,
BKJTIOUAIOIIIast B CE0ST T 3aTpaThl HA Kpa-
CKy, Oymary 1ist 0UJIeToB, 3apaboTHYIO MIaTy



KaccupoB U T. 1. M yX Kak MUHUMYM ITpojaxka
YCIIYT — He OJiHa paboyasi onepanms, mpearo-
JlaraeMasi B OyKBaJIbHOM ITOHUMaHUU MO
«IIPOJAKeil OUIETOB».

PaccMmoTpeHue mpoaaxkul yeayT maccaxkup-
CKOI'O TpaHCMOpTa KaK CUCTEMBI, MpeaCTaB-
JIsiro1eit co00it COBOKYITHOCTb HEKMX HaIlpaB-
JICHUM I€ITEJIbHOCTH,, IIONYMHEHHBIX € IMHOM
9KOHOMUYECKOI cTpaTeruu (PhIHOUYHOM hu-
Jocodun), prHAHCOBBIM ITpaBUIaM, a TAKXKe
KOMIIBIOTEPHOTO U IPYTOro amiapaTHOI'o
obecreyeHus1, OrepalMoOHHbBIX MPOIIECCOB,
NEUCTBUI IepcoHalla, IPOYUX peCypCcoB
U CBSI3ell MEXIy HUMU, OTpaxkaeT KOMILICK-
CHBIH MOAXOM K OLIEHKE CTOJIb MHOTO(aKTOp-
HOTO SIBJICHMUSI.

Bormpochl mponaxu ycayr maccaxkupcKoro
TpaHCITOpTa MOKa3aHbl B KHUTE C YUETOM Op-
raHU3allMOHHO-(DYHKIIMOHAIBHOIO, HOpMa-
TUBHO-IIPaBOBOT0, MH(MOPMALIMOHHOTO, JI0-
KYMEHTaJIbHOTO, aBTOMaTU3UPYIOIIIETO aCIIeK-
TOB. [1pruemM Kaxxablit U3 HUX ITOApa3yMeBaeT
CBOM MTOBOPOTHI U HIOAHCHI.

Tak, HampuMep, HOPMATUBHO-IIPABOBOE
obecrieueHre MpoaakKy yCIyT IaccakupCcKoro
TpaHCIOpPTa, MOMUMO XapaKTePUCTUKU OC-
HOBHBIX TTOHSITUI, paCKPHIBAIOIIMX Ha dee-
paJbHOM YPOBHE CMBICT 1 TTOTPEOUTETbCKYIO
LIEHHOCTb TAaHHOTO BUIa pa0oT, TIPEICTaBICHO
B YYEOHOM MOCOOMU MaTepualioM O peryiu-
pPOBaHUM YCAYT Ha HAIlMOHAJIBHOM YPOBHE
U eTro MOAKPETUICHUN MEXIYHAPOIHBIMU J10-
ropopamu Poccuiickoit Penepaniu, BHY-
TPEHHUMM HOPMATUBHBIMU TOKYMEHTaMU,
CBSI3aHHBIMU C IESITEIbHOCTBIO ITACCAKUPCKO-
T0 aBTOMOOWJIBHOTO M1 HA3€MHOTO 3JICKTpUYe-
CKOT0, a TAKXKe 3KeJIe3HOTOPOXKHOTO, BO3IYIII -
HOTO, MOPCKOTO, BHYTPEHHEr0 BOAHOTO
TpaHCIIOpTa.

NndopmanmonHoe obecrnieyeHue mpoaa-
KM YCIYT MacCaXKMpCKOro TpaHCIopTa Mpei-
rnoJyiaraeT ABycTOpoHHMI npouecc. C ogHo
CTOPOHBI, €ro 3aJaya — 3HAKOMUTH C AeHCT-
BYIOLLIMMU HOPMaMU U MIpaBUJIaMM ITOTPEOU -
TeJisd, C APYroil — NpoaasLa, a BMECTE C TEM —
rapaHTHUpOBaTh OMpeNeJeHHBI O0aTaHC
B MH(GOPMALIMOHHOM MPOCTPAHCTBE B CTPO-
rom cootBeTcTBUU ¢ KoHcTuTynmeit Poccuii-
ckoit ®eaepannu, GenepalbHbIM 3aKOHOIA-
TEJILCTBOM U BEIOMCTBEHHBIMU HOPMATUBHbBI-
MU akTamMu. JocTyr K nHpopMaluuu — o0s13a-
TEJIbHOE YCIOBUE ACSITEIbHOCTU CHEPhI YCIIYT.

Ocoboe MecTo B y4eOHOM ITOCOOUU OTBE-
JIEHO IJIaBaM, paCKPbIBAIOIIIMM OCHOBBI 2JICK-

TPOHHOI KOMMEPIIMU U 3JI€KTPOHHBIX IIaTe-
KEU MpU MpoJaxe yCayT MaccakMpCcKOro
TpaHCIIOpTa, MOAAepKaHUs 0€30ITaCHOCTH
BO BCEX COITYTCTBYIOILIMX UM ITpOIIECCcax.

IIpucyTcTBHE TaKuX BOIIPOCOB, KaK pa3-
HOOOpa3ue U 0COOEHHOCTU MOCTPOSHUS Ta-
pudOB Ha MEPEBO3KY MacCaxkKMpoB, YCIOBUS
X MIPUMEHEHUSI Ha pa3IMYHBIX BUAAX TPaHC-
opTa, MOATBEPXKIaeT HECOMHEHHYIO T10JIb3Y
y4eOHOro MaTepuaja He TOJbKO ISl U3yJaro-
XX MEHEIXMEHT, HO U IJIsI CTYIEeHTOB,
aCIMPaHTOB S9KOHOMUYECKUX CIEIMaIbHO-
CTEU BY30B.

BunoBble 0COOEHHOCTU U TPUOPUTETHDBIE
HaIlpaBJIeHUS Pa3BUTUS MACCaXKUPCKOTO
TPaHCIIOPTa OOIIETO IMOJb30BaHUS, TIEPCIIeK-
TUBBI OTPACIEBBIX TpaHC(hOpMaLIMii, U3JI0-
JKEHHBIC B COOTBETCTBYIOIIUX pa3aeiax,
OKa3bIBaIOT U OYyAyT OKa3blBaTh BIUSIHUE
Ha COCTOSIHME M TapaMeTpbl KOHKYPEHIIUHN
OTIEJAbHBIX €r0 BUIOB, a B JaJbHEHIIEeM
M B 11€JIOM Ha KOHKYPEHTOCIIOCOOHOCTD TPaH-
CITOPTHBIX YCIYT IO MEepPeBO3Ke MacCaKnupoB
Kak (pakTop cOLMaTbHON MOOUJIBHOCTH Ha-
CeJIeHUsI, perMOHAJIbHOTO 3KOHOMUYECKOTO
pocra.

B coBpeMeHHBIX YyCTOBUSIX OOpPHOBI
3a KJIMEHTa MacCaXXMpCKue KOMIIaHUU OT-
JeJIbHBIX BUAOB TPAHCIIOPTA IIPU OCYIIIECT-
BJICHUM TPOJAaXU CBOUX YCIYT IIepBOOYE-
peaHOM 3a1a4eil OJKHBI CTABUTh HE IIPOCTO
noayyeHUe MaKCHUMaJbHON MPUOBIIHU,
a yJIOBJICTBOPEHUE 3aIlIPOCOB ITacCakKMpOB
B IIPEeIOCTaBICHUHU NTePEeBO3KU HaIJIeXKallle-
ro kavecrna. Ilaccaxupckue KoMIIaHUU
00s13aHBI TPEIOCTABIISITH CMEIIIaHHBIE ITepe-
BO3KHM TaM, Tlie TOJOOHOro pona yciayra
BOCTpeOboBaHa moTpeduTesieM, TO €CTh COB-
MeIllaTh MEePeBO3KM Pa3IMUYHBIMU BUIAMU
TpaHCIIOpPTa, COTJIaCOBBIBas IIPU 3TOM pac-
nycaHue ABUXEHUSI aBTOOYCOB ¢ pacmuca-
HUEM JIBUXEHUS MOE310B, TOCTaBISATH
naccaxKupoB B a3POIMOPTHI KeJIe3HOIOPOXK-
HBIM, aBTOMOOMJIbHBIM BUIAMU TPAHCIIOPTA,
MOCKOJIbKY KOHKYpEeHIIMs B cdepe Iacca-
KMPCKUX IIEPEBO30K — 3TO HE TOJIBKO 00Pb-
0a 3a rmaccaxxupa, HO 4 IIpOlIeCcC B3auMOIeii-
CTBUSI, B3aMMOCBSI31 UTPOKOB Ha PHIHKE.

IIpu »ToM Ha mepBBI MIaH BBHIXOIUT
MPUHIIUIT KJIMEHTOOPUEHTUPOBAHHOCTH B pa-
00Te KOMIMaHMI, MPEIOCTABISIONINX YCIyTU
Ha pBIHKE MacCaxkMpCKUX nepeBo3ok. [ToaTo-
My IIpo0JjieMa IPOoaaku YCIIYT MaccakupCKOro
TpaHCIIOPTa 3HAYUTEJIbHO IIMPE OTBETOB
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Ha BOITPOCHI, UTO, T/le, KOTJa M KaK IMpoaBaTh.

O4YeBUIHBIN OTIIPABHO MOMEHT: HEO0XO0-
JTMMOCTb TIOTEHIIMAIBHOTO Maccakupa Kyaa-
00 exaTh M3HAYAJIbHO OTPEACIIIeTCs TPH-
YMHOM TTOE3KM, BHIPaXXEHHOU B ee 1Ie/H.
3HAYUT, UCCleq0BaHNe 1ieiel OXuaaeMoi
MMOE3IKH TTO3BOJIUT JTI000M TPpaHCIIOPTHOM
KOMITAHUY BBISIBJISITH 1I€JIEBBIC IPYITITBI T1ac-
caXkMpoB, MpejiaraTh COOTBETCTBYIOIIHNE
ycIIyTv 1 (popMUpOBaTh IMOJTUTHUKY IIEeHOOOpa-
30BaHUsI TAKUM 00pa3oM, YTOOBI 3TO MaKCH-
MaJIbHO YCTPauBaJIo BCEX CYyOBEKTOB IEPEBO-
30YHOTO Tpoliecca, U KaK pe3yJbTaT COCTaB-
JIATh TOCTOMHYIO KOHKYPEHIIMIO KOMITAaHUSIM
Ha phIHKE MTPeI0CTaBICHMS YCIYT HAaCEeJIEHUIO.

O1eHKa KOHKYPEHTHOTO TIOJIOXKEHUS
Ha PBIHKE SIBJISIETCS [TEPBOHAYAIBHBIM 3TAIIOM
B OIlpele/IeHNM KOHKYPEHTOCIIOCOOHOCTHU
KOMITaHW U U TIePMaHEHTHOM pa3paboTKe Mep
10 YIEP>KaHUIO U Pa3BUTUI0 KOHKYPEHTHBIX
MPEUMYIIECTB. 32 ITUM — CITOCOOHOCTD MPO-
TUBOCTOSITh COTEPHMKAM, OKa3bIBAIOIINM
aHAJIOTUYHBIE BUIBI YCIYT Ha PBIHKE TpaH-
CITOPTHBIX YCIYT HACEJIEHUIO; TIPEIOCTaBIISTh
YCIIYTH TpeObyeMOoro KayecTBa, yIOBIETBOPSI-
OIIIME TUTATEXKEeCTIOCOOHBIN CITPOC TaccaXu-
poB; 3((GEKTUBHO MCIOJIb30BaTh MPOU3BO/I -
CTBEHHBII, TPYIOBOI, COLITOBOM, (hDMHAHCO-
BbIA, yIIpaBI€HYECKUI U IPYTe BUAbI IOTEH -
yasia.

JIJ1st TpaHCIIOPTHOIM KOMITAHUM HEI0CTa-
TOYHO ITPOU3BOIUTH YCIYTH, YIOBIETBOPSIIO-
e OIpeie/IeHHBIM TTOTPEOHOCTSIM Tacca-
KMPOB OMPENCJICHHOIO0 BUIa TPaHCIIOPTA.
HyXHO yMeTbh OlLIEHUTh CTEIeHb OXBaTa
TPAHCIIOPTHOTO PHIHKA; COOTBETCTBUE YCTa-
HOBJIEHHBIX 1IEH Ha TIEPEeBO3KY MacCaXKUpPOB
HE TOJIbKO COOCTBEHHOM BHYTPEHHEH IMOJM-
TUKE, HO U OTIAEJIbHOMY CETMEHTY PbIHKA,
Ha KOTOPOM TIPEIOCTABIISIIOTCS YCIYTH, OXKM -
JNIAaHUSIM TIacCaXupoB; yoenauThesl B 3 dek-
TUBHOCTH MEPOIIPUSTHUI 10 TTPOJIBVXECHUIO
TPaHCTIOPTHBIX YCJIYT Ha PhIHKE Taccaxkup-
CKUX TIEPEBO30K.

B HBIHEITHUX YCIOBUSIX, HaIpUMeEp, TIpU
Pa3IMIHbIX BApUAHTaX MOKYITKY OMJIETa KOM -
MMaHMS 1O TMEPEBO3KE MAacCaXKUPOB JTOKHA
HCTIOJIb30BaTh B CBOEH paboTe COBpeMEHHbBIE
CTIOCO0BI pa3MelleHUs 3aKa3a U JOCTaBKU
owtera raccaxupy. [IppyemM CTOUT TOMHUTD,
YTO HOBBIE CTIIOCOOBI MPOAAKU OUIIETOB pac-
CUYMTAHBI HE Ha BCe CErMEHTBI phIHKA T1acca-
KUPCKUX MepeBo30K. Tak, A cerMeHTa
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C IOXOIOM HUXE CpeIHEro, a TakxKe IMeHCUO-
HEPOB U COLIMATbHO-HE3aIIUIIIEHHOM KaTero-
pHUM TpaxkIaH CTUMYJIMPOBAHUEM CIIpoca
U TIPOJBMKEHUSI TPAHCTIOPTHBIX YCIYT SIBJISI-
eTCsI OTKPBITUE OMIETHBIX KacC BO BCe OOJIb-
IIIeM KOJIMYECTBE HAaCceJIeHHBIX MyHKTOB. He-
LICHOBBIE METOIbI CTUMYJIMPOBAHUS peaTnu3y-
I0TCS Yepe3 pekiaaMy (B Ipecce, IeYaTHYIO,
HapyXHYI0, 9KpaHHYIO, Ha Paauo U TeJICBU-
JNIEHUU, CYBEHUPHOU MPOAYKIIMU), 32 CUET
JMOCTYITHOCTHU ITYHKTOB IPOAaxkKU OMIETOB
(Kacchl U CEPBUC-ILIEHTPBI, HOBbIE (DOPMBI
MMPUOOPETEHMS OMJIETOB).

IMToaTOMY KOHKYPEHTOCIIOCOOHOCTH KOM-
MMaHUM, BKJTIOYAIOIIas B Ce0sI MapKETUHTOBYIO
IeITeIbHOCTD MO MPEIOCTaBICHUIO YCIYT
HaceJICHUIO, TapU(PHYIO ITOJUTUKY, CTUMYJIU -
poBaHMe CIIpoca M KaHaJIbl pacTpeaeIeHUs,
KacaeTcs BCeX BOIIPOCOB, CBSI3aHHBIX C TIPO-
Jlaxkeil yCIIyT, M TOCTaTOYHO pa3HOCTOPOHHE
npeacTaBlieHa B yueOHoM mocoouun. [lpu
STOM BbIZIeJIEHBI Han0o0J1ee N3BECTHBIC phlYya-
T'Yl BO3IEMCTBUS IIPU YIIPaBICHUM KOHKYPEH-
TOCTIOCOOHOCTBIO Ha PHIHKE MACCaXKMPCKUX
MepeBO30K: (PaKTOP JOSIIBHOCTU, CTUMYJIM -
poBaHMe CIIpoca, COBEPIIIEHCTBOBAHUE Map-
KETUHTOBOM MOJUTUKU, OCYIIECTBICHUE
peKJIaMHOMU AeSITeJbHOCTU, CETMEHTAIIUs
pBIHKA TPAHCIOPTHBIX YCIAYT HacCEJICHUIO,
HCITOJIb30BaHMe TMOKOM Tapu(PHOI TTOJTUTH-
KM, TIpeaocTaBiIeHue JbroT. boabIIMHCTBO
U3 HUX QUTYpPUPYET B I1aBe KHUTHU, ITOCBSI-
IIIEHHOM YIIpaBJICHUIO MPOAAXEN yCayT mac-
CaXXMPCKOT0 TPaHCIIOpTa.

besycnoBHO, mpobiaeMaTrKa MmpoaaxkKu
yCAyT B cepe maccakupcKux MepeBO30K
TpeOyeT MPUMEHEHUSI CUCTEMHOTO IOIX0a.
Benb peub uaeT o peajabHOI yciyre, odaga-
IOLLIEN OIIpeNeIEHHBIMY CBOMCTBAMU U XapaK-
TePUCTUKAMU, HU TIPYA KaKNX 0OCTOSITENIbCT-
BaX HE MOTYIIEeil BBOAUTH MOKYIIAaTeIsI B 3a-
OJIyKIeH1Ee OTHOCUTEIHHO OXXUIAIOIIETO ero
KauecTBa paboT.

KonuenryaabHble 0CHOBBI MHMOpMAIIN-
OHHO-CIIPaBOYHOIO O0ECTIEUCHMST MPOIAKU
YCIIYT TIaCcCaKUPCKOIro TPaHCIIOPTa, €€ TOKY-
MEHTaJIbHOE 0(hopMJIEHIE, BKITIOYAsT CIIPABKU
0 PacIUCAaHUIO U HAJIMYMIO MECT, Tapudam
py¥ OPOHUPOBAHUM U TIPOJAKE YCIAYT U T. 1.,
MpeaCcTaBIeHbl B PELICH3UPYEMOM YICOHOM
NOoCOOMMU B JOCTATOYHO MOJHOM O0OBEME
U JIMIIb MOATBEPKAAOT YETKYIO CTPYKTYPH-
POBAaHHOCTD, JJOTUYECKYIO BHIBEPEHHOCTH
Martepuaa.



YyebHoe mocobue mpenHa3HauYeHO A
CTYJICHTOB BBICIIMX Y4eOHBIX 3aBEICHUIA,
00yYaroIIMXCs M0 HaIIPaBJIeHUIO TTOATOTOB-
K1 «MeHemxMeHT» (KBanubukauus (cTe-
MeHb) «0aKaiaBp»), HO MOXET OBITh MOJIE3-
HO Y IIPU MOATOTOBKE MAarucTpOB U aCIM-
paHTOB, a TakxXe pabOTHMKAM BCEX BUIOB
TpaHCIIOpTa, 3aHUMAaIOLIMXCSI KOMMepUe-

CKOW AEATENbHOCTHIO U TTOBBIILIEHUEM CBOEN
KBanu(UKaLUN.

HNpuna PAXUMAHOBA,

KaHIUAAT SKOHOMHYECKIX HAYK, JOIEHT

Kacenpbl « DKOHOMHUKA 1 YIIPABJIEHHE

Ha TpaHcnopTe» MOCKOBCKOTo

TOCyIapCTBEHHOTO YHUBEPCUTETA IyTei

cooomenuss (MUUT), Mocksa, Poccus @

THE TOOLS ARE CHANGING, WHILE FUNDAMENTALS ARE UNCHANGEABLE

Rakhimyanova, Irina A. — Ph.D. (Economics), associate professor at the department of transport
economics and management of Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

THE REVIEW OF THE BOOK:

Gorin, B.S., Makharev, E.l., Persianov, V.A.,
Stepanov, A.A., Surikov, R. T. Sales of services:
passenger transport. Educational guide. Moscow,
Student publ., 2014, 423 p.

ABSTRACT OF THE TEXTBOOK. The edu-
cational guide presents fundamentals of sales of
passenger transport services on the basis of modern
methods of organization and management, system of
transportation documentation, automated systems of
booking and mutual payments. The state of transport
complex of Russia, nature and characteristics of
production of passenger transport, types of sale’s
guarantee are described. Much attention is paid
to forms of electronic tickets and electronic multi-
documents, e-document execution of selling services
and e-commerce.

General framework for each section is
accompanied by explanations of specifics, taking
into account the specifics of a particular mode of
transport, as well as examples of numerous practices,
test questions and references.

For students of higher education institutions
enrolled in the program of training of specialists in
management (qualification «bachelor»). It may be
useful for preparation of Masters and Ph.D. students,
and employees of all modes of transport in their
business activity and professional development.

ABSTRACT OF THE REVIEW. Designed primarily
for students of higher education institutions, this book
contains fundamental and systematic materials on
the organization of sale of services and management
of passenger transportation market. It presents
all types of land, air and water transport, and their
commercial activities are considered in the context of
network electronic communications, multidimensional
competitive environment, marketing technologies.
The structure of the educational guide meets program
directions of the course «Management» (bachelor
degree course), includes test questions for each of
eleven chapters, tables and illustrations that help the
disclosure of the topic. An important place is given
by the authors to regulatory (including international)
security of vendors and users of transport services
relations, customer focus in politics of passenger
companies.

ENGLISH SUMMARY OF THE REVIEW. Any
teacher always has his own view on the subject,
academic disciplines, aims and features of educational
technologies. And appearance of a new textbook,
educational guide is, of course, another reason
to check back again already occupied positions,
find agreement / disagreement with some relevant
thoughts of colleagues. From this perspective,
assessing this published work of a group of authors,

a reviewer cannot help noticing primarily pointedly
modern interpretation of age-old issues: ticketing
system for passengers, certain relationship of
transport owner and «rider» exists for a long time.
But nevertheless now we see clearly different
services market, other aircraft, automotive, railway,
marine vehicles, and other movement speed across
continents, other entourage of ticket offices and a
railway station!

I mean that it is very important to coincide with
time, to «get to the tone». When it feels, it is easier to
see remaining advantages of the training book, bring
them out of the shadows.

One of the obvious advantages of the educational
guide is, in particular, a change of approach to the
interpretation of the basic concepts that characterize
the object of study, namely, a system of selling
services at the passenger transportation market.

The term «sale of services> is offered to be used
instead of «sale of tickets», implying a separate type of
work. Adjustment seems competent and legitimate to
me, since sale of tickets is also a cost item, including
costs on paint, paper for tickets, wage of cashiers,
etc. And itis not at least one working operation, if one
takes the word «sale of tickets literally.

Consideration of sale of passenger transport
services as a system, which is a collection of some
activities, dependent from a unified economic
strategy (market philosophy), financial rules, as
well as computer and other hardware, operating
processes, personnel actions, other resources
and links between them, reflects a comprehensive
approach to evaluation of such a multifactorial
phenomenon.

Issues of sale of passenger transport services
are shown in the book with account of organizational
and functional, legal, informational, documentary,
automating aspects. Each of them involves its own
nuance and inflection.

For example, regulatory support of sale of
passenger transport services, in addition to the
characteristics of the basic concepts, revealing at
the federal level meaning and customer value of this
type of work is presented in this educational guide as
material on regulation of services at the national level
and its reinforcement by international treaties of the
Russian Federation, internal regulatory documents
related to the activities of passenger, automotive and
land electrical, as well as rail, air, sea, inland waterway
modes of transport.

Information support of sales of passenger
transport services is a two-way process. On the
one hand, its task is to familiarize a consumer with
applicable rules and regulations, on the other — a
seller, and at the same time — to ensure a balance in
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the information space in strict accordance with the
Constitution of the Russian Federation, federal laws
and departmental regulations. Access to information
is a prerequisite of service activities.

A special place in the educational guide is devoted
to chapters, revealing foundations of e-commerce
and e-payments in sale of passenger transport
services, maintenance of security in all processes
related to them.

Consideration of issues such as diversity and
design features of tariffs for passenger transportation
and their application on various modes of transport,
confirms an obvious benefit of educational material,
not only for students of management specialty,
but also for students, Ph.D. students of economic
specialties.

Characteristics and priorities for the development
of public transport, prospects for industry
transformation, as set out in the relevant sections,
have and will have an influence on the state and the
parameters of competition of some of its types, and
in the future as a whole on the competitiveness of
transport services for passenger transportation as
a factor of social mobility of the population, regional
economic growth.

In the present conditions of the struggle for the
client passenger companies of individual modes of
transport when carrying out sale of their services
should set as a priority not just maximization of
profits, but satisfaction of passengers> demands
in providing transportation of good quality.
Passenger companies are required to provide
multimodal transportation where this kind of service
is in demand by the consumer, i. e. to combine
transportation of different modes of transport,
coordinating bus schedule with the train schedule,
to deliver passengers to airports by rail, automotive
modes of transport, as competition in passenger
transportation sector is not only a struggle for
a passenger, but also a process of interaction,
relationship of players at the market.

The principle of client focus of companies,
rendering services at the passenger transportation
market, steps forward. Therefore the problem of
sale of passenger transport services is much broader
than answers to the questions, what, where, when
and how to sell.

An obvious starting point: the need of a potential
passenger to go somewhere is initially determined by
the reason for trip, expressed in its purpose. Hence,
the research of objectives of an expected trip will
allow any transport company to identify target groups
of passengers, to offer appropriate services and to
create a pricing policy so that it suits all subjects of
the transportation process, and as a result to compete
with companies at the market for public services.

Assessment ofa competitive situation atthe market
is an initial step in determining competitiveness of a
company and development of permanent measures
to retain and develop competitive advantages. For
this — the ability to withstand competitors providing
similar services at the market of transport services for
the public; to provide services of the required quality,
meeting effective demand of passengers; to use
production, labor, marketing, financial, administrative
and other capacities effectively.

For a transport company it is insufficient
to render services that meet specific needs of
passengers of a particular mode of transport. You
must be able to assess the degree of transport
market coverage; compliance of established prices
for passenger transportation not only with its own
internal politics, but also a separate segment of the
market in which services are provided, expectations
of passengers; ensure the effectiveness of
measures to promote transport services at the
passenger transportation market.

In the current context, for example, in various
versions of ticket’s purchase a passenger
transportation company must use in its work,
modern methods of placing the order and delivery of
aticket to a passenger. And it is worth remembering
that new ways of selling tickets are designed not for
all segments of passenger transportation market.
Thus, for a segment of lower middle income, as well
as pensioners and vulnerable categories of citizens
demand stimulation and promotion of transport
services is the opening of ticket offices in a growing
number of settlements. Non-price incentives are
implemented through advertising (in press, printed,
outdoor, screen, radio and television, souvenirs),
due to availability of points of ticket sale (ticket
offices and service centers, new forms of ticket
purchase).

Therefore, the competitiveness of companies,
which includes marketing activities to provide
services to the population, tariff policy, demand
stimulation and channels of distribution, covers all
issues related to the sale of services and is widely
presented in the educational guide. The most
famous actuators in managing the competitiveness
at the passenger transportation market are
highlighted: loyalty factor, demand stimulation,
improvement of marketing policy, implementation
of promotional activities, segmentation of transport
services market, use of a flexible tariff policy,
provision of benefits. Most of them appear in
the chapter on managing the sale of passenger
transport services.

Of course, the problems of sale of services
in the field of passenger transportation requires
a systematic approach. We are talking about
a real service that has certain properties and
characteristics, under no circumstances should it
be able to mislead consumers about the expected
quality of work.

Conceptual foundations of information and
reference support of sales of passenger transport
services, documentation, including references
on the schedule and seats availability, rates when
booking and selling services, etc., are presented in
a peer-reviewed educational guide in quite fully and
only confirms the clear structuring, logical structure
of the material.

The educational guide is designed for students
of higher education institutions, of the field of
training «Management» (qualification (degree)
«Bachelor»), but it may also be useful for training
of Master’s and Ph.D. degree students, as well
as employees of all modes of transport engaged
in commercial activities and increase of their
qualifications.

Keywords: passenger transport, sale of services, management, marketing, tariffs, e-commerce,
e-payments, market, competition, higher school, bachelor degree course, education program.

KoopamHatbl aBTOpa (contact information): PaxumsiHoBa U. A. (Rakhimyanova, |.A.) — avirene@yandex.ru.
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ABTOPE®DEPATDI

OUCCEPTALUNA

HayuHble pa6oTsi 3aLymLLeHbl
B MOCKOBCKOM rocyaapcTBeHHOM
YHUBepcuTeTe ryTeii coobLeHns

XKenesnos /. B. Metoaoiorusi ycuJieHUus
NPOBO3HOW CMOCOOHOCTH KeJIe3HbIX TOPOT
Poccuu B yciaoBusix pepopmbsl oTpaciu/AB-
Toped. nuc... 10K. TexH. HaykK. — M.,
2014. — 48 c.

AKTYyaJIbHOCTb MCCJIEIOBaHUSI 3aKII0Ya-
€TCs B KOMITJIEKCHOM PaCCMOTPEHUH Ha OC-
HOBE CHUCTEMHOrO aHajiu3a NpobiieM 3K-
CIUTyaTallMOHHOMW NeSITeJIbHOCTU TIPU TIPO-
BelleHUU pedOpMBbI XeJe3HBIX TOPOT U,
B YaCTHOCTH, C MOMEHTA MOSIBJIEHUS B CTpa-
He MOJIHOCThIO MIPUBATHOTO BAaroHHOTO
nmapka. TeopeTnyecku 000OCHOBaHBI MPUH-
LIUTIBI TOCTPOEHUS, (PYHKIIMOHUPOBAHUS
U Pa3BUTHSI CUCTEMBI YIIPAaBJIEHUsT, HEOOXO-
JIUMOT JUTSI CJTOXKUBILIMXCS YCJIOBUIA U pellie-
HUS BOCTPeOOBAHHBIX BpEeMEHEM 3aad.
BrIsiBIEeHBI OCHOBHBIE TIPUUMHBI KCUEPITaH-
HOCTHU HAJIMYHOU MPOIMYCKHOI CTOCOOHOCTU
Ha OTIEeTbHBIX HAIIPABJICHUSIX CETU U TIpe-
JIOKEHBI HOBBIE MOJIXO/IbI K TIIITAaHUPOBAHUTO
rpy30MepeBO30K, YIPaBICHUIO BATOHHBIMU
napkamu, pacrnpenejeHUI0 MOrpy304YHbIX
pecypcoB, TEXHUUYECKO MOIEpHU3ALUU
JKEeJe3HOJOPOXHOW CeTHU, OpraHu3alnuu
MPOITyCKa MOE3/I0B B MEPUOJL «OKOH», MOHU -
TOPUHTIA JUCIOKAIIMU COCTAaBOB HA IUCTIET-
YepCKUX ydyacTKax, OMPeNeIeHUI0 MEXITO-
€3IHOTO WHTepBajia MpU KOOPAMHATHOM
peryJavMpoBaHUM ABUXKEHUS ITOE3I0B.

IMendennn K. I1. Pazsutue meTomos
yOpaBJieHUS NMePeBO30YHBIM MPONIECCOM
B YCJIOBHUSX PHIHOYHO IKOHOMHMKH U pedop-
MHPOBAHMS JKeJIe3HOJAO0POKHOIO TPAHCNOP-
Ta/ ABTOoped. AuC... 10K. TEXH. HAyK. — M.,
2014. — 48 c.

B nuccepraniun 060CHOBaHO BBEACHUE
B ITPaKTUKY IJIAHUPOBAHUS M OLIEHKU PaOOThHI
KEJIE3HBIX IOPOT HOBOTO KOMIUIEKCHOTO TTO-
KazareJsl KauecTBa MepeBO30YHOr0 Mporecca
«CKOPOCTh MPOJBMXEHUSI BATOHOB», 0CO00
AKTYaJIBHOTO TSI JKEJIE3HOOPOKHOTO TPaH-
criopTa o0I1Iero NMoJab30BaHUsI MpU pabote
C TIPMBATHBIM BaroHHbIM MapkoMm. [pemio-
>KEHO OTPENENISITh KAYeCTBEHHbIE HOPMATUBbI
MECSIYHOTO TEXHUYECKOTO TUTaHa SKCILTyaTa-

IIMOHHOI PabOTHI ¢ UCIOJIH30BAHNEM METO-
MKW «<HOpMa—IIpaBo», MO3BOJISIONIEH YETKO
pPaHXUPOBATh peTMOHAJbHBIE AUPEKIIUU
JBUXKEHUSI, TIOBBIIIATH MOTUBALIMIO IIEPCOHA-
Jla TIpU BBIMMOJHEHUM TUIAHOBBIX 3aJaHUIA.
YcraHoBneHo Hanmure (pakTopa HEOAMHAKO-
BOTO BPEMEHHU CJIeIOBaHUS OTIIPABOK I10 OJI-
HUM U TeM X€ MaplipyTaMm, y4eT KOTOpPOro
TMOMOTaeT peaJn3allMid COOTBETCTBYIOIINX
3asIBOK, a TAKXKe Ha3BaHBI MEPbl K UBMEHEHUIO
HEraTUBHOM TEHIECHUMU — CHUXCHMS TOJIU
OCBOEHUS IIPUPOCTA IIEPEBO30K Ha (hOHE yBE-
JINYEHUSI MaCChI U JUIMHBI TPY30BBIX TTOE30B.
IIpennoxkeHa KOHIIEHTpAIUsI PyKOBOICTBA
TepeBO3KaMU 3a CYET pallMOHAJbHOTO KOJIH-
YeCTBa CTPYKTYP B BEPTUKAJIbHO MHTEIPUPO-
BaHHOU LIEHTPAJILHOM TUPEKIIMU YIIPABJICHUS
JBUXKCHUEM.

AnukeeBa-Haymenko JI. O. MeToasl
noBbimeHns 3()GeKTHBHOCTH HCTIOIb30BAHUS
BaroHOB IPy30BOT0 MapKa HA XKeJe3HOI0POK-
HOM TpaHcmoprte/ABToped. AUC... KaHA.
3KOH. HayK. — M., 2014. — 24 c.

ABTOPOM TIPEIJIOKEHB BapUMaTUBHBIN
MOJXO0M K OlleHKE 9KOHOMUYECKO# 3 dek-
THUBHOCTU MapHIIpyTU3allMM MEPEBO30K
B 3aBUCUMMOCTH OT IPMHAIIEXHOCTU Baro-
HOB U JIOKOMOTHMBOB ¥ BO3HUKAIOIIUX IIPU
5TOM SKOHOMHYECKMX OTHOILICHUMN M MH-
TerpaJbHBIM MOAXOM K TaKOM X€ OLIEHKE
NPUMEHEHUS TEXHOJOTUI MoaudUuKaluu
TPY30BBbIX BarOHOB C YYE€TOM Pa3HBIX UX
TunoB. O00CHOBaHbI UCTOYHUKU (HPOPMU-
pOBaHMs 3aTpaT U pe3yJIbTaTOB y ONepaTo-
pa, mepeBOo3YMKa U Biaaeablia uHOpa-
CTPYKTYPHBI, a BMECTE C HUMU HaJIU4IUE
BHETpPAHCIOPTHOIO 3¢ deKTa OT MEPOTIPHU-
SITU IO MOBBIIIIEHUIO Ka4eCTBA UCITOIb30-
BaHUS BaroHHOTo mapka. Pa3padoraH me-
XaHU3M, MO3BOJISIONIUNA ONpPenesiTh 3¢h-
(GEeKTUBHOCTH BKJIaIbIBa€MBbIX YCUIUU
M 3aTpaT KakK ¢ TOYKHU 3pEHUST CYOBEKTOB
pPBIHKA IPY30BBIX MEPEBO30K, TaK U 9KOHO-
MUKU B LIEJIOM.

Baxpomeena T. O. CHuzKeHne THHAMMIYE -
CKHX HArpy30K B TATOBBIX NMPUBOIAX 3JI€K-
TPOBO30B C PAMHBIM MOJBENINBAHNEM THATO0-
BBIX JBHraTejieil M KapaanHbiMu MyhTamu/
ABToped. mMC... KaHA. TeXH. HAyK. — M.,
2014. — 24 c.

JuccepTallMOHHOE UCCAeI0BaHUE aa-
JIO BO3MOXXHOCTb YCTAHOBUTH, UTO KOM-
MOHOBOYHBIE CXEMBbl U KOHCTPYKIIUU
OMOPHBIX 3JIEMEHTOB TSITOBBIX ABUTATEJICH
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1 MOTOPHO-peayKTOPHBIX 06J10K0B (MPB)
Ha paMax TeJIeKeK JOKOMOTUBOB HE CO-
OTBETCTBYIOT IIPUMEHSIEMbIM PacyeTHBIM
KMHEMaTU4YeCKUM CXeMaM, B pe3yjbraTe
Yero mosBisieTcs (pakTuyecKasi CTaTUCTU-
yecKasl HeONpeAeJeHHOCTh B Harpy3kax
OMNOpHBIX 2iIeMeHTOB. Ha 6a3e HaTypHBIX
9KCIIEPUMEHTOB CO3jJaHa pacyeTHas KO-
HEYHO-3JIEMEHTHAass MOJEeJb IOAPeCcCcop-
HOM 4YaCTU MOTOPHOM TEIEXKH JOKOMO-
TUBA, YYUThIBAIOIIAsl YIIPYTUE U OMCCUIIA-
TUBHBIE CBOICTBA 2JIEMEHTOB KOHCTPYK-
uuit. IlonydyeHa aHaJlMTHUUYeCKas
3aBUCUMOCTh KOOPAMHAT MECT Paciiolio-
JKEHUSI OIOP OT KOOPAMHAT LIeHTpa Macc
nBuratens 1 MPb. ChopmynupoBano
TpeGoBaHUEe K KOHCTPYKIIMU KapIaHHOMK
TSATOBOM MydThI, YyCTpaHsIOIIee MOsBJIE-
HUe BUOPAaLlMOHHBIX HAarpy30K.

Boponuna O. H. Pa3BuTue KOHCTpYKIHii
JKeJIe3HOIOPOKHBIX PeJbCOB, X CTHIKOBBIX
coeJMHEHMIi U TEXHOJIOrHii 00padoTKH/ AB-
Toped. AMC... KAHA. TeXH. HayK. — M.,
2014. — 24 c.

IIpoBeaeH KOMILIEKCHBIA MUCTOPUKO-
TEeXHUUYECKUI aHaJIu3 U BOCCO3daHa 1ie-
JIOCTHAsI KapTHUHA pa3BUTUS IIPOILECCOB
KOHCTPYKTUBHBIX U3MEHEHUIA PEJIbCOB, UX
CTBIKOBBIX COCAMHEHMI, TPUMEHSIBILINXCS
TEXHOJIOTMYECKMX PellIeHUIi. YcTaHOBIeHA
MepUOAN3aI I U3MEHEHUI B KOHCTPYKIIM -
SIX KOJICMHBIX JOPOT, TeOMETPUU IPODUIs
pelibca, CUCTEMaTU3MPOBAHBI TEXHOJIOI MK
COBEPIICHCTBOBAHUS XUMUUYECKOI'O COCTa-
Ba U METOJOB TepMUUYECKOIl 00pabOTKU

peNbCcoB, KIIaCCUPUIMPOBAHBI CITOCOOHI
CTBIKOBBIX COCTMHEHUI, 000CHOBaHa Iep-
CIIEKTUBHOCTh M BO3MOXHOCTbH CBapKu
peIbCcOoB B 3UMHUI MEePUO aJTIOMUHOTEP-
MUTHBIM CITOCOOOM, OIIPEIeICHBI ITIepeUYcHb
JMOTIOJITHUTEJIbHOTO 000pYIOBaHUS U YCIO-
BUS pean3alliy IIPOTPEeCCUBHON TEXHOIO-
TUH.

Cy Jla. OcoOeHHOCTH pa3BUTHS KeJje3-
HbIX gopor Kutas m apMOTrpyHTOBBIX yaep-
JKUBAIOMIMX COOPYKEHUH 3eMJISTHOrO MOJIOT-
Ha/ ABToped. Auc... KaHI. TeXH. HAyK. — M.,
2014. — 23 c.
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